
^ 1g <ul L_!Jj.ii]| j t5 Jall ijW"lU 4_dl*Jl AjjUolj-ail 



" i-uU! ij^lill jlaUII " 4- fyi^JI «J-* o^jjJj tji*i' Vi^lj uA^' jOjU'll JjoUJI Li^^jil ciij^ 



uLuii&TCI 



4-LQ-aj CjLiJj^IL^aJ] 



ilillciLua]! 




jkMYo <lj$t 






<U-U4 



: Jlsuj t 4-l?c-i^3 j 4JT (jyicj JiA^ta toJuu (jr u V (j-a (jyic a^LlxJIj ii^Lt-isJIj <£jo-j 4l! Jla^»JI 
^yic SjJsLSJI 4-JjJdl ijlLa^JI jj)lj^-itl (JjJfctlJ (_y4Jll l_<jjJl1!Ij <_y-aJI ^-lLClU 4_aL*J1 4_ci.n.ujll ^.t-uij 
(JLiL^-jjU 4_as_jlu ALcIuiVI Ijui (^Lj^j ((J^jlJI (jjj-" 1 4r Sj-^J^ll 4 J ' <j » ' J 4_j_La]lj <LlL23jI L-kjLLajJI (Ji-ilu 

(jj-*-J J ' ^>"^ :^gj-c-LiJI aJlSUJI 4_La=_c *-2-S ^- LaJu2 jlj-aTu-uVI (J^>-I <j-a (jLo^Vlj aIaJL tcJLuiXI 4jLliIu 3^2 cr^J 

.L^llua ^LojlSTlU JjJlII i_al 'r-it JU3 4JJI 

4_aJi23il 4_iJjjJI <_sjLfc3JI *_a (3^2 4_uL>ol ajiaa* *_&l_iil jj^LGj *u.a.^3J 4_aL*JI 3jl_sVl ("it-i-^ Ju2j 

43l ca <^-»- 1 A <* I ^— i j (Jj^aJI Jjij-i-u '"'I ALa3 a (_y^=l —- ' aUjJljv 4_lc-Ic (_i-l!L-uI Jj^J ' *4HdJ^-^ P^lhr * . ^r 

2J_j£=jJ1 JIUj i_£Jl!1 4_j_lL 3 j_J| 4-J^J.I j_uL*I1 -SIJlcI pjjj_ju» 2_ a^iaiJI t>J-& cJTixj Ju2j < 43 1 jltVia LT il3J 

<j>IJ-<-u (Jii-CJ 4_j_^aj-isi»0 (jLj><i Jj^— <fu3 (jyic L^jt-JJ ^j-j-uL*JLI Jla3*3 il (4_ljjjJl3J| w_alj_JI £.l_b 2_. 3-U-uL-u^l 

l^JJI (jyia-s-ll *J3lj]| *_a 4_ujl*J1 AjJjJI <J^'>2 ^PV Cr^' S-'dJ^'j cp^' ^-lLClU 4_aL*J1 3-<-u-mji,lj (J-«-*-!1 

j"^~ >i (jyJJjJLJ ^-aLJj-J <lal ^a3ja 2jJa-b AjL^ill I§_ (jL&l!! tfjui rj_se3J tJ-aJtJI jj>" <— 'l.'^la 4_tisj_a3 

.4_j_<_uL-u 2 I 43l jlLaj a .Jj^S-*. ' ^- 4 -^-*- a 'j J-'^^'J ' (J"" 1 -*-^ <33 m '- a i '^**'N 

L ygjL^SiLJi\ I JlJ 4_aj^UI dlljL^JLI (— )l ■'•"'^->\ 4jAj^-. (JjLlO 4j^p- d)Lg.j.iJjj^a 3-t£.l «<^tl 
j^l 4ill (j-a J^jG 4_ljjjJi3J| 4 Mri-»JI ^jui tilfJy (J*-i j-tia3 (j^J ^_&Llll jj^ia3j ^ja <^"it 4_aL»JI Bjl^Vlj 
( JuiL*3JI £yi jJ-><J ' La uj-la <_jjJLjiLj t 4_aj^iJI 4jjj)j_xiaJI tljIjL^il (J-u^aG ^_ j-jIul-La J'^— • tlij p j 1 -" (jl (J^-J 
.diljL^JLI ^jui (— )l •■"^—*\ 4_JLa£. rfi-CJi3 (_pJI (JL=Lji^lj '"'I Lt^IajJlj 43LCli.uVLj 
1 f-^A-uj 4J1 :oVu2j^ 4_i^»o U L^la (jjjuiTLi.u.Uj L&^IJlcI l _ ? ic. (j4^[2}\ £&£> <ji (jGou 4illj 



^_aLiI! ^jjlajj ^j<i i^i"1 4_aL«J! Sjl _>^M 



yiUJI i__u_JI uLJjjiSJVl 



4_cl___? <_____ I j<-lj'j c __L_io <~<VI .^"Vl 4 tV.f 3 <__jVL>J,1 cJsjQita _2_ l_LU__. _2_J LjJjLla _2_ ,-.j_> J__=j LfrajLJeT-.uJ 
4_l3Ij_1,I 4 o LaJl (j^j JuJlsJI l_1_0 Jl l__)L____j 4_jj^pj=xJI l'y^-\ <___-* L^L-LsJLoj <_jjjjiL=»JI Sj_£-vlj 4^j^"_____J| 

. L&jljJlfj L^-aLasJvf (_a}L"_>J ^yic p^— — "tlj 

JjwlIIj l^"IM^— A ^ 3j>I i7",nVI <__!__. J-«-*-!1 (j-o JuV qL-=j «j-»^L*II iLpJI _2_ c2.l_^^2_=Vl 4__4_->V 'j-^j 

j_& tiiJi (Jaj-^ _2_ JiLo^/l <jjij____!1 JaJj 4__jQi c J > | L^JVLjta _2_ c-jljLgll <— il mm^-iIj < L$_3jL-_<s t-iLftjl^l ^.lc. 

.JL>J,I I jjt _g_ ,jj--uJI prLp^' cr^ cP-" Shyj-^'i 4_uJl»JI ^,"^—11 .si JlcL <_dJj>j uLill -___>jj_ij fd-*3 

I=L (J_.L-.VI aJlSj 4_ljjjJiJ 4_u_a__. <__-£-- _>L>«jVI I jl_S> _2_ l_L<3 4ls---L___<5 <____- Lo Jol (jlj (_yJI 4_A_ujJ_i_| 4 Mr7-»Jlj 

/_L^3 4_jjjl 4_u___>. (_-_3_- (j_.L__.VI aJl-U 4_j_l_!_>JI (jVj (J^jJ-Lcl! 4 **j-j "' >J ^ * .'J? 4_l«^jJI '" „''Jj^"' <: ~' 

(— )l J-JLClII (j__. Lflj^l-..? _2_ 4_u___>J| JulLuj .4-aj"."U L^jLiijIajj .-nI^'w^"^— Wl -a^.lc (j_<5 JLj^JLI (jr flJl! <_ljjuil 

■<U mm a ^lor J^~> 1S1J (j____uVI (jyic tilli (j_4 Vju j^3j_ij i 4j^ ]r,'i\\ 

(O-ka-Lll J I J_u (j-^2 T^jJ-la J^"~ I '"^ _4J_£j___ta aJl-U 3-mL-u!La 4_j_ujJlj .Jlvj j "<<* ,_£Ji_vl (j_a 4_j_l_!_>_1I ;JJ^"~ '**'"' 

4L2___.il ciLI^-Jlj (AND,OR,NOT) JLu_.L_.Vl 3j?U7t1 c.LI^_!l J! ^^"j ^jjl jl^Vlj aLoju-JI 

(_--)-_JI \{j\ir)'"\ eL. u U'f~ jW < AJLal^'U j_.IjJl!I 4_iiSjj <j-jL__.ll c_.L___>JL ljJ)><J 4_l^uLj<^I £ys 4_Srn.~u.lf ^jj^^/I 

c_jL_)^L_L!I (JlLo 4_4^-a j_-_3 Llc. 4 j La «**' I 4j_L_i_>JI (JT ____A- rfU (_£) jjj ___= J___)lj_i- a! J-JcTl-uLi 4_j__J___LL I j_.ljjjl i La-j i ■• y 

Jl 4_ui23jJ| BjLi^L! CjVj_>JLI j-&j VI ^-aj LijrP' j-t-3j-a if- L^J aL-lLI ^ ^j" b j<u <— i^La-.-1-.Uj CjI^I JlsJIj 

.L^jcIjjIj 3j___=jI JJu aj_>iJj (j "-—- 1 «Jlj 4jj_l_>Lj_lJI 
cl.LJj j jIli==xJVlj .4jui2L!l (^JiLlII (J^jlj I i o ^j*^ lil 4__*___s 2_)La ?e-j t-ajV 4_j_4i3jJ| ^LjJj^jIlirzxJVl q\ (Jj-2J jjl Ji^Jj 

.L-.*.l_)l jj. I J jj I o'jJb *{ Vft I il" (__jJI 4_»_iljJ| J.L4J.I (_>---i-Jj-lL<3 £jjU3£A 4_uii3jJ| 

(Jjl^j (jlj Ij^P" 4_u___-_J1 ajjt _)IJlc| -|_ A4---I (j-a (J-= LiO^? 1 - O' cl^J j- c - c^J^' l)\ '^3^ i ^Lis LoLlLi-.j 

.*.LcjJI c__j_a_a jjju-1 4J1 ^u^^-itl «L^jv^J 4_t^sJL>. Li!L_uc.I 






^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



>J 



1 










J-LC (Jj-LfcLa L^JVj^J LgJ^-S 1$&>- fh^ C^JL=3 (_pJI <— lljl JlII X_<5 (j^l (jylo- 4...U-L3J 3jJI^J LtLsLiU Jill] 

' a lLI ^— i (j^j 3_Sjlj_JI < ~ 1 1 < ^ jj 1 1 (JILo ( I glA.ij.Laj <jjtla Sj q (JS-jJI BjLil L^2 ^j^=lj ,_£jj>-I <J1jVL>- <_fj|_iji ^jl j_lC 
Jju <J1iW1 o JJt> JlLa £_j .^Vl (-i-i-uLjJI jt-pLla 4jvjJ j! 7-LLLa <jjC CJ^Lu^}\ <~<ljU»t I dsLJL>- jf i i^Jua 

.UilJ Lt^L ij-al (ij-x^^ 

Logic states MaiiluYWl 

(>2-ul (>l!L^ VI ( BjlLc ) I_£j3 J-Jvjj V (^Jl CjIjIjJI CT i*j Lola 4J-djJ1 dLJjl^xJVl ^ OJireli LaJiic. 
jLiixJ L_Lti=xJj .J i^^tl jl f-L_<iVl (_yJL^v ^j-A_j lj Laa. J ii'n ^ j_!l j J-lxlJ IjH] I JiLa < 4_Lk>J (_£l I§_ (j-1 "li "-—i »* 

.diljL)l!l (j^i (_>ujJj ji^4^>JI <j-c tl^jj^JI fi^Lc 
L^_Lc j_i_iLj (j^-'J'-^ >, -^ (j-ul— a (j-o 4_JLs. (J_=3j jLjUJI jl j_^>JI (j-a .jl"l <^> a; ^ ^jLULv 4_l«^jJI BjLi^L! j^>-jj 

Logic 1 jki* jui ^u jl^. Ct aj " 1 " _> i^l j^u jjVi 5JL.JI 
Logic U 1 j1^1a (Jilcj (j^i^via •^^ CT&3 " -^ ^6 ' r j-^*^ 2_jJljil 4JL=»JI 

(3 LaJLlI (J-jO (jLc^J J^>-JJ 1 o^—i Dlt C^j «Liic. J^K.' Lc^la aJ2j (_|=3J (jr aIa-Lll ^LjUL U j 1 (jyic (j^JL? 

: LaA (jyjL-^l 

Positive Logic +ve " L-^^i! jkiii : Vjl 
Logic 1 Jiuj cyJLt!' -J^^?^' u>^ l5' " " 6-° j^^ 3 ' W^>° Sh 1 ^! j^^ 3 ' M^i " 1 " d^ >ny ^j 

Logic Jl<w ^^Mtiii j^>JIj 

• cr^ 1 ^ ' & 7*.' < *-" 1 J^f "^ ^ 









uLujj&ttl 



+5V 

ov 



: 0)Jti. 



(Y)Jli- 



+5V 
-5V 



-► "1" 
_> "0" 



+5V 
OV 
-5V 



+5V 
OV 



"0" 



OOJti* 



Negative Logic "-ve " eJUal! jkui : Lub 
"0" ' * 

"1" 



+5V 
-5V 



"0" 

-►"1" 



(Y)Jli- 



+5V 
OV 

-5V 



(T)Jti* 









uLujjiftVl 






mp. JkjJl 



Out jrjJJI 



C>ll 5v 

J^ 2v 

C>ll 0.8 

(j^ikia OV 



ViH min = 2 V Vil max = 0.8 

VoL max = 0.4 VoH min = 2.4 



C>ll 5v 

Jl^2.4 

C>ll 0.4 



ViL max = "0" ^^^tiii J^jJI j&*i u nk*\\ i^2J! 

ViH min = "1" ^uji ji-jji j^ ^jJl^ji Ju^ai! 

VoL max = "0" ^^itiil ^iJi j^ ^ot^ti ju^i 

VoH min = "1" ^uji ^j»ji j^ ^jJl^JI Ju^ail 






t ? i_Ul i __ 1 _JI 



uLJjj&ttl 



Decimal System £>£*]! ^L&Ut - ^ 

L^j? Lg-La p j*j ^—j—.^tl A__jVl <j_a £!_____ VI (j-cui( 10 JlsJI a I __. ) ^j-t-i-JI JlsJI J? (__3j)j_sl1 <j_a 

. Ls- L a_ * . ._^__il,l _.jJ_><JI *-«->■ p_j p_ < 1U .j__U 4_l!lZL<3 ' . '„'j' ' -> A 
Jj-ij _.J_>u 2jj_ Jl -_c.j_)j_/j 2j-iTa.*j Lg-La (J-= c_!j_t__j i^U-p- (_ 7 ~ U j jj-aj - Jlc t-lajJb (_;j---.*JI JlsJI ,_L___ j 

*___j-a '-9 jj'^— -j 8 p-2jJ1 <jL_> 238 _jl*JI LbjJ _,--= lit }_!«-_■ .aj^AsJI 4____.__j| _$! 4_i_.-i.lIJL -_tL_*JI 

lilj 20 _$? <__L_JJ *___j-a _l 2 __J_ill p^jJij 30 _$! t_jij--a.-ii *___j-a .g_.^3___-j 3 p-3j-JI U__u _.l_-V( 
. 238 ^j____ji _.j_«ji j__ jjLiji ^3_-__4-. 8+30+200 __>__*_«_». 

. 19.85 10 - 3476 10 «_____> 1_>* p^-J L^-L_ ^j--__-JI _^J__J1 Jl_- : 1 JLla 

3476 10 =3000 + 400 + 70 + 6 
19.85 10 =1*10 1 +9*10° +8*10"' +5*10 2 
= 10 + 9 + 0.8 + 0.05 

Binary System ^Li_il j»L_WL.I - Y 

-_tL_- (J-=- (j-J-C JjlL-jjt 2 _.JlsJI j__ al --ill I JlA (j-iL-ulj ( U,l ) ______ _>->3-aj (j-a ^Lj-JI -_____.! ^_j____b 

(_____. J-cTllT-j (___.! aLaj^l £ys -_c.j_j_5_xj £ys (j^____u (_____) pjaj _$? (jLa _d__ (_-J-_.j • blt(___L__JI p-2jJ' <j-a 

?___>j-a j__ I a-*--. Ljj____. Ij______ jI -J--P-.i--i -.JlsJI __)!_____ *.lj__i 4___j_o <_._-->. (j"-*-* 3 tjjj ^-" P^J> U^ =3 3 « j 1 

. J_vlj . j__-_3 . j-a-_> . JLs-lj ) jJ-su-l 4_jL__ 1001 1 __-L__.l -.JlsJI LbjJ _)-_= 1 i|j .0 _ O JjJpJL 



2 4 


2 3 


2 2 


2 1 


2° 


-Jl__L__1 
4j^___sj1 


2" 1 


2" 2 


2" 3 


-.JlsJI ^j_s 


16 


8 


4 


2 


1 


0.5 


0.25 


0.125 


_.Jl*JI <jjj-<- 




















^LzJI _.j__!l 



I »--- 4__2 j_a l 



<___L__]I ^ U__JL, -___L_-JI jljjVI O - > ) Jjjo. 

^j-lWI aL___JI (J[ ct--~-" *L___II o-« Jjj-s-lII 
- 4_jj _L c_jj_<__j <_____> p_ij J__= (jl_ _£>_-*- 1 f-L__i.l <_J! <____-> _■__=. (_;? J__pt_J 

:-__Jl_JI <__*#!___ 









uLujj&ttl 



^^>ic. jji£. J\ 1001 1 2 ^LZJI ^JlaJI J_^ : \ Jlla 



2 4 


2 3 


2 2 


2 1 


2° 


jijuJI ^jja 


16 


8 


4 


2 


1 


JJlsJI ijjj-o 


1 








1 


1 


^LziJI ^julJI 



1001 1 2 =1*16 + 0*8 + 0*4 + 1*2 + 1*1 
= 16 + 2 + 1 
= 19 in 



19 10 L £ > £ud! jjhII ^L^=o 1001 1 2 ^LzJI jjulJI <jM 
S^j-^ jjui J} 101110 2 ^LZJI ^JlaJI J_^ : Y Jlla 



2 5 


2 4 


2 3 


2 2 


2 1 


2° 


->Jl*J1 ^jS 


32 


16 


8 


4 


2 


1 


JiJlsJI ijjj-o 


1 





1 


1 


1 





^LZJI ^j^lJI 



101 110 2 =1*32 + 0*16 + 1*8 + 1*4 + 1*2 + 0*1 

= 32 + 8 + 4 + 2 
= 46, n 



46 10 ^SiaJI ^JulJI ^L^=lj 101110 2 ^LzJI jjuJI jjl 
^j-im jjit J\ 1110.101 2 ^LZJI jjlaJI J_^ : \ Jlla 

J^J! 



2 3 


2 2 


2 1 


2° 




2" 1 


2" 2 


2" 3 


JlJuJI ^jS 


8 


4 


2 


1 


0.5 


0.25 


0.125 


JiJlsJI ijjj-o 


1 


1 


1 







1 





1 


^iJll jjudl 



1110.101 2 =1*8 + 1*4 + 1*2 + 0*1 + 1*0.5 + 0*0.25 + 1*0.125 
= 8 + 4 + 2 + 0.5 + 0.125 
= 14.625 in 



19 10 L £ J -Z*1\ jjhII ^L£=o 1001 1 2 ^LSII ^juJI jjl 









uLujjiftVl 






.^IjlJL 2 ^Lk-LJI ( _ H L^f C:y Li i 



uLa ?e-LSe->^aJI JJutl! c 



.^IjlIL 2 aL!a-L!1 <j-uL-u? I§_ <_Jj_tiaJI ajLJeTm-U LuLs j ni^-ilt c 



S^LS jj^ Jt 87 10 ^j-^tJ! jjuiII J^- > Jllo 



^LJI I JipJj 1 4 <i ,„atl ^Lj 43 



1 £^u_ 



^2^87^1 



^^ 



Jlu^ 



4 o in rill ^jLJ *-<J (J-«-*-!l JjJ=iJ AJ^-Loiij 4_Lq-&l ^.S^l ^Lill]! ^2j-J1 J-& (jj^— ijij (_)j*_<_uj I jj 4_Lq-&l 

87-2 = 43 tfS^i .Ij^aj 

43-2 = 21 



21-5-2 = 10 
10-5-2 = 5 

5 -5- 2 = 2 
2 -5-2 = 1 
1 -5-2 =0 



.\87 10 =1010111 2 

10 10 111 
yiJis ^jui J} 5.625 10 L £ J J^1\ ^JlaJI J$^- Y Jti* 

. 2 '2— < ij-JaJb ^gj-iTo-tJI .SJlsJI (j-a (_£j_<-u==xJI *j-^><-JI Jjj^xj till j Jlju *uj < 2jjJ=l11I 
^ _ " " " 



5 -5-2 = 2 
2 -5-2 = 1 
1 -5-2 =0 



t t 
10 1 .10 1 




-it 



0.5^* 2 =1.00 
.-. 5.625 in =101.101, 









uLujj&ttl 



Hexadecimal System jAa ^ ijuji ^LliiJi - r 
A ^j^Jij^u ^^ ( ~ 9,A,B,C,D,E,F ) j^jJ! 



11 ^JlaJI<>i B l^j^JI 



F t-^j^Ji j 14 .sjuJi (^c E l^j^ji j 13 jijuJI ^ D <-3j^»ji j 12 ^ju<ji ^c 



0" Y ) JjJL>JI 4_ U^a 15 ^JlaJI^ 



i£j-Z^- 


uA& 


\ u±C /— t-ul Jw<_u 


l_£j_j^l 


^ 


\ u±C /— t-ul Jw<_u 





0000 





16 


10000 


10 


1 


0001 


1 


17 


10001 


11 


2 


0010 


2 


18 


10010 


12 


3 


0011 


3 


19 


10011 


13 


4 


0100 


4 


20 


10100 


14 


5 


0101 


5 


21 


10101 


15 


6 


0110 


6 


22 


10110 


16 


7 


0111 


7 


23 


10111 


17 


8 


1000 


8 


24 


11000 


18 


9 


1001 


9 


25 


11001 


19 


10 


1010 


A 


26 


11010 


1A 


11 


1011 


B 


27 


11011 


IB 


12 


1100 


C 


28 


11100 


1C 


13 


1101 


D 


29 


11101 


ID 


14 


1110 


E 


30 


lino 


IE 


15 


mi 


F 


31 


11111 


IF 



-Y)J jJl 









uLujj&ttl 






16 3 


16 2 


16 l 


16° 


<l^.UJI 


16 - 1 


16 " 2 


jjulJI j^jja 


4096 


256 


16 


1 


0.0625 


0.00390 


JiJlsJI 5jjj-o 
















j Mir ( _ 7 -<-ul JljjJI .SJlsJI 



j^^ ^jluJI ^Lliulb 3uu»L>JI ^Ij^Vl ( \- V)JjJl^ 



16 2 


16 ! 


16° 


.SJutJI ,_£$£ 


256 


16 


1 


J>Jl*JI ijjj-o 


2 


B 


6 


j Mir (jr m|ju-gJI .SJlsJI 



256 16 =2*256 + 11*16 + 6*1 
= 512 + 176 + 6 
= 694 in 



694 10 Mgj-i5utJI ^JlaJI ^1 ^bj 256 16 jJ^l Cr uj\ Ju-J1 j>jul!I jit 



S^j-im jjlt. Jl A3F.C 16 j-iSi£. C3 ^ u I JluJI j>Jl*J1 J^ : Y Jllo 



16 2 


16 ! 


16° 




16 - 1 


JJulJI mJjS 


256 


16 


1 


0.0625 


JiJlsJI <Jjj-o 


A 


3 


F 




C 


j Mir (^^y-mlju-oJI .SJlsJI 



A3F.C 16 = 10 * 256 + 3 * 16 + 15 * 1 + 12 * 0.0625 
= 2560 + 48 + 15 + 0.75 
= 2623.75 in 



2623.75 10 ^j-Z*l\ jji*JI ^L^=o 256 16 



-Jju-JI JJulJI nil 









uLujj&ttl 



j_<jt£. (— <-ul Ju gj| a] tail I ^J (^gji Mitt I a Lk.il I (j^a cHi- 36 -^' 

:< jy Jb I o^-i oJl>. < jt 1c (J-aL*J I <\$'<a (J== tjLa j m^aj ^p e-1^ 3 JJlC (j-<a (jj)""-' a L^J-^*-" ^JlsJI (jL== lil 
.(_y]ljj]Lj 16 a\ ka-LlI (jjjLtuT^^JLc 4 o mMI aJlJcIL-hJ Lola ^-j> i^ll .SJutl! (_>-i.u-L!L _ ^ 

^tl^tk 1fiplfc>:tl J ..l...pj9 , ljt ,utl . »^-,,.,-. ir.l'a J ..,g-.lt, > ....:tl ; - Y 

Sj_<ic L7 _<- u 1 ju_u jiJlc (J\ 87 10 (^j-jg.<JI jijuJI J^ - \ JLla 



45-16 = 2 
2 -16 =0 



^13 

^2 



2 D 



•• 45 in = 2D, 



10 — ^^16 



Sj-Ag Cr u J \ ju_u jiJlc Jl 250.25 10 ^j-AaJI j>Jl*J1 J_p* _ ^ JLla 



250 -16 = 16 
2 -16 =0 



0.25 * 16 = 4.00 



ySblHO 

C5^l 15 



t t 
F A 



0.00 * 2=0.00 

.-.250.25 in =FA4 lfi 









uLujj&ttl 



^yjLuJI JJ j Mir ^yXjuljU-oll aLiaiJI j-a (Jjj^oll 

aSjJI jjjs 4JL>. (J^i jL> "-^-I^j J*'-" -^^^ J! ^Jjj^o JJj^u (JT& j m<<* (_5-<-ut Jlj-oJI aUaii! ^LJjVI SjijLaJI (j! 

p ■ aj ( 16 =0000 2 ••• F 16 =llll 2 ) Cy jl_iiiJI JJulJI (j-a diLJL». *jj? j^a icj^jjta j^^ij J-^- ^^-m I JLijJ I 

. JiLiill jiJl»JI (jj^-ilt 4_jjLjiL!l diLJL>JI icj^ta dl!j juu 

S^lfttl ^%|g-.^ Jl 41Q iu J A/- ^...l.t...tl vt.tljj^- ) JHo 





A 


3 


9 




1010 


0011 


1001 


.-. A39 16 = 


101000111001 2 



S^LzJI 4^L^=x^ J} 47D.FE 16 jJ^. <J * U I juJI ^julJI J^ - Y Jllo 





4 


7 


D 


F 


E 




0100 


0111 


1101 


1111 


1110 


.-. 47D.F£ 16 = 


010001111101. 11111110 2 



j Mif ^yXjul J, >gtl a! foitl J| ^yjUill j-0 <Jjj^aII 

.til! jj <JvU»JI O-C-i (jl jLl^3^?L 4-CJ^>J,l (JLc^jL ^J-SJ (jl l _ 7 £.\j^i (jl ^-^J j^—il 



JjuJI 4^L^=uo JJ 101010000101 2 ^LzJI jjull J^v - > Jllo 





J0101(M)0010L 




ioTo 


iobo 


oToi 




A 


8 


5 


.-. 101010000D1 2 =A85 16 









uLujjiftVl 



Jj^JI 4^L^=l* J\ 10010.011011 2 ^LiiJ! jjutJI J_p* - Y Jllo 





^JMWlOOlO.OllOllOO 




0001 


0010^ . """"- 


^ 0110 


1100 




1 


2 




6 


C 


.-. 10010.01 101 1 2 =12.6C 16 



Binary Coded Decimal &p*f < <J^ *&* ~ i 

aLSj^l £ys Ji=xJ 4_jjLjj diLJL». *-ij\ {jja (j j ^-i t, I BCD J^=JI ( - ^ — V) JjJl^JI (j-A-uj. 4_!^_<-u 

8421 BCD j>^= i& ju Cr ^oj Lj .jjj <u ^^= ja BCD j>_^=xJi j? j^v. 9 J! ^^IaJI 

.xjjVl 4_^LZL!1 CjLJLkll (^i .i^aJI 4- J-^=>° (J= uljjf t*-"^ 6-° 8421 *j^>JI (.yiajuij 

. BCD ^_^=xJl <g? ^ <lJI j-ui: l^j^o^ Llj^a jl^sVl jii^=l _^ 8421 BCD j>^=J1 <jl ^^j 



L^J-^ 1 


BCD 


8 . 4, 2 , 1, 





0000 


1 


0001 


2 


0010 


3 


0011 


4 


0100 


5 


0101 


6 


0110 


7 


0111 


8 


1000 


9 


1001 



u 3 j 3 i\ h£[£]\ ji^Vi ( ^ - r ) Jjjl 






BCD j_^s J} ip-ic <> Ji**^ 

.BCD 

5 BCD ±$£=a (3-a ^L^l^j Jl 157 10 L£>A*i! ->Jl*J1 J^v - ^ Jllo 

^j-.ir. 15 7 

1 I 1 

BCD 0001 0101 0111 
.-. 157 10 =BCD 0001 0101 0111 

SBCD jj^» ,>• i&L^* J\ 31.89 10 i £jJ^l\ jjl*1I J_j^- YJllo 

^j-^ 3 1.89 

I I I I 

BCD 0011 0001 . 1000 1001 
.-. 31.89 10 = £CZ) 001100011000 1001 

(^jjSiC (_,!( BCD .i^j <^a JjyaLoJI 

W^j^jiBCD 1000 0110.1100 0001 jjuJIJ^- > Jll» 
BCD 1000 0110 . 0100 0001 

I I 1 I 
iSj-Zu*. 8 6.4 1 

.-. BCD 1000 0110.1100 0001=86.41 10 

W^j^jiBCD 0010 0000.1000 0011 ^jij^- yjh* 
BCD 0010 0000 . 1000 0011 

I I 1 I 
L gj-..~a£. 2 0.8 3 

.-. BCD 0010 0000.1000 0011=20.83 10 









uLujjiftVl 



^L&l ^ Usui! J[ BCD j^= <> Jj5*oJ! 

.^j-jg.*]! 45aL==uo J! BCD Nj^ti ^jl»ji j^o - ^ 

s^^i ^u=x* j[ BCD 0101.0110 0010 0101 ^ji j^ - > jn* 
BCD 0101 



5 -2 = 2 
2 -2 = 1 
1 -2 =0 






0110 


0010 


0101 


AkjJl 


I 


1 


I 


JjV» 


6 


2 


5 






10 1 .10 1 

J 



2 =1.00 









.-. 5CZ) 0101.0110 0010 0101 =101. 101 2 

1_£j_<jl==x]I *-j^><JI Jj^xj (jr 4 3j_p-VI iLvjJUj ^LlLII £ys 4j3L==sj La J I ^-j-y LaJI (^gj-iTa.*] I .SJlsJI Jjj^xj *u 

.^LsjII £ys 4JbLaj La Jl ^gj-j'a.tjl _SJl*JI (j-a 



BCD j^= Jt ^U!UI ^LtaJLtl cy» Jj^nJI 
.BCD j>3== <j\ (^j-jg.<Ji jijulJI J_^»o - Y 









uLujjiftVl 



SBCD j>_^= J\ 1110.101 2 ^LzJI jjuJI J^ : \ Jllo 



2 3 


2 2 


2 1 


2° 




2" 1 


2" 2 


2" 3 


J>Jl*J1 ^jS 


8 


4 


2 


1 


0.5 


0.25 


0.125 


JiJlsJI 4-jJj-o 


1 


1 


1 







1 





1 


^LzJI jjuJI 



1 1 10. 101 2 =1*8 + 1*4 + 1*2 + 0*1 + 1* 0.5 + 0* 0.25 + 1 * 0.125 
= 8 + 4 + 2 + 0.5 + 0.125 
= 14.625 10 

^jj^ 14.6 2 5 

I I I 1 I 

BCD 0001 0100 . 0110 0010 0101 



1110.101,= BCD 00010100.0110 0010 0101 









uLujjiftVl 



.( > - i ) JjJL^L, 4 



Binary Addition ^L&I! £*»J| 
jisjil (jyjLjl!! £-<^><J1 JlcIjI LLc^a La I it ajLjlL! <i Laj ■ ■■; 4_jjLii!1 f-a^>JI ^-ila-e. jl 



2A^\\ 


£jLU! 


^JU 




+ = 





- 


JjVl 2JLC.UJI 


0+1 = 


1 


- 


Ajjlill 2jlcL2JI 


1 + = 


1 


- 


ttllill 2JLC.UJI 


1 + 1 = 





1 


aL»jIjJI SJlcLSJI 



^LnJI j-a^JI JlcI^I ( ) — i ) JjJ^ 
^LzlII *-<^>J1 4- ^' J>2^ ^>'j-" fijLcLUI La? 4_oLc *-**. U*£. C7 42 ot^lj JjVl 4j}Li!1 jlcIj^JI 
bjL^o I -i^— a jil < LaLo.ujJ) (jf <3^-" cP-" ck^-^' (Jj-^ 3 6-° Lp-^-g- 2 -sjl*J1 ^L=lj La ^f (1+1=10) 
. ^LUI ^^aaJI J|( 1 ) j^\ ^j^lJI J^ j! c_^j ^LlJI ^j-^aJI j-^JI 4. 



1 
+ 010 



4 

+ 2 



£j^Jl 1 1 



(J jJuaJl (JjULall 



p a-a^-ail ] 



1* 


1* 
1 





1 







1 


1 


1 












(_5 jJiaJl (JjULall 



1 + 1 + 1 = 1 J^jilj =1 



p 5-a^-aJl \ 



1* 

f 


1< 

1 

1 


1 
1 


1 


1 






<_g jJuaJl (JjULall 









uLujj&ttl 



Binary Subtraction ^U!UI ^ki! 
.( \ — o ) Jjju>JL ot^jll (jyjLiiJI rjiaJI JlcI^I I ; o $a La lit 4lgr.< ^A <1 - c - <_?-* shLzJ' r>^' ^4 A£ - u! 

JJutJI i^^ajlmj Lg-Lu «LLa ?"JiJ ta 1 1 r-j-LaJI 4-!Llxl/j ^_ i_£jl*JI .SJl*JI ( _ 3 _«_ijij .(j-l-jjLij (j-t^J L^2 LLojLselu-ul (_jJ-!'j 



S^.tl 


£jUJ! 


J ui^i 




0-0 = 





- 


JjVl Zjt£.Ull 


0- 1 = 


1 


1 


^uliJI 2JLC.UJI 


1-0 = 


1 


- 


ttllill SJLCLSH 


1-1 = 





- 


4juljJI sJlcLSJI 



^jLui! £>L»Jt jlcIjS ( \ — o ) Jjjo. 

<j-<J 1 7-jJa (>-li£ 4_jjLi!1 2JlcL2JI La? Aj^Lc 7-jia 4jUr (jy 42 OcjJsIj 4_su1jJ1j il!Li!lj JjVl JlcIjJL!! 



4_La T-jj^ail ' ^ 

yiO 10 2 

£jjal\ - 1 - 1 




Jj^ill 1 1 




(^j-j^JI JjLHI 




Ci> UI ^ ^ ^ /* ^ l 


37 


_Lt, - 10 10 


- 10 


j^ii 11011 


27 









uLujjiftVl 



J! JyL^yi <-dJ JL^sj JyL^i <Ji jLi-*^Vl (Jj^ia (>c. (jyjL-iiJI -SJ^tl! JjVl ^ill .sUol ^ 

iiLi. L^ Uj cjLiU- (ja^^ Bjj^ 4_ - 7 10 , - 9 10 JulLill aj^hIaJI j| Jlh>U JjVl a^I jl»jI : Jllo 

Lw dsLJL>. (_>"-*»>■ 3jj.i^3 2_. L^-Lc j_ujl1!I *uj *u <^I-<j J I aj^AaJI .si Jlc^I Jj^o LLlIc l_ *->«j VjI 

.fijLiVl SJL>. L^a 



,JjJk*l\ 


^L£J1 


SjLiV! + JjVl jo^HI 


-7 10 


0111 


1 1000 


" 9 10 


1001 


1 0110 



.JjVl AxlLi Jl ( 1 ) iaLial Jl»j 4_Jlc J'^-i^J (^JJI .sjmJI j-& 
t^lil! ^1 = JjVl jo^HI + 1 
GL>. L^ Lw cjLjL>- xjj? Bjj^a 2_ - 7 10 , - 5 10 5_iJLl!l aj^AaJI .si Jlc>U ^Jl!ll! ^-dll J^j^ : JL1« 

LjJ JjVl Axlll Jl>-^J (<U 5-jjLS Jl 4Jj-A»JI .Si JlcVI Jj^j Laic- V^ Xi' 



,Jj-Zl*1\ 


^LiiJ! 


ZjLiVI + JjVl («il! 


(^Liul jtuwJll 


-7 10 


-Ill 


1000 


1000+1=1001 


-5 10 


-101 


1010 


1010+1=1011 



a) 0.462 10 b) 504 10 c) 391 10 d ) 79 .625 10 
a)ll00001011 2 fc)l0101011 2 c)ll0101100 .10111 2 

a) F5 8 16 fc) 96D 16 c) 23.C4 16 </ ) A£.5D 16 

S4_iJLl!l ,jjJkatl\ jIjlc>U j-<ic C3 -«-ul juJI ^sL^xil Jl>-j? : i^j^ 
a) 690 .5 10 b) 260 .25 10 c) 850 10 

a) A 87 16 O E 2.FE l6 c) 3 C 9 16 

SBCD j>_^= J} ^>A*JI fLkUl <> 5_JLU1 jIjl^VI J_p*:\>« 
a ) 359 10 ft) 210 10 c) 105 .07 10 

S ^j-^lJI f U^J! Jl BCD ^ ^a 2LJLU! jIjl^VI Jjfl.iV^ 
a) 100011000 .1011 BCD fc) 10000101 .001 BCD 

% BCD jj^a Jl ^SLill ^Uftill <> 5_JLiI1 jIjlcVI J^ tA^ 
a)l001011110 0.01 2 6)1110101010 2 

a) 10001 +11001 b) 1111 + 1001 
c) 100001 -111 d) 1101 -1001 

:JulLl]| UiK±A\ jIjl^SU ^lillj JjVl jo*lil Jl^j!:^ 'a* 

a) 11101 b) 1000001 c) 1110111 



Jss*. 



& 



^ 1g a \\ L-JJjJj]| j t5 iail -^jU'lU 'LalaJl Ajoiuij^il 

gaLUl jJ^kjj (»u>flAJ "*uLaJl 3jlaVl 



>J 



1 
*3 



3 



4jwS)uLuj>S)I 



LuiVI ^U;M cAjI^JI 










uLujjUJVl 



a^L/^ia^kaiuui^i 



(ji ti^j .^^jJi 4 otv&i _i_ 4j_u.Lu.Vi ^llji bjljvj ^ (logic gate ) 4_i____ui ^i^ji ^i 

J -=3 <jl ." 4_jj"L_l!1 4-Lalalll t_jl_>1_jjJ1 " j^ahiJ t_jL1_jJ1 0_U_ <jl_3 4_jj"L_l!1 jl JucVl *jLitlu_J 4-Lflialt,l t__L>l^]l 

o jla 4-j (LOW ) 4 ,n«±lA jl ( HIGH ) iLJU La! (jj^- iNSUitl c_A_i!_*jJ1 _i. ^j^-, ,„l,l j>>^>J1 
ju^>ji jf jr^v 4. "1" c^LjiJi ^j_ji ^^u ^j_u, (HIGH ) ^Ulji jl^ji jL-fl 4_uuL->ji 

t 4 /'J^"'^— II J-j'j-i (jr- 4 <L-LfllaiXI <J1j L_> l_5_J 1 (j| j-__3Jlj (jyjLi-JI r*J2j-!1 Cr 1 - 5 ^ l__j_u. (LOW )(j---iJe-U, I 
.U (jr a-mJj 4 L^aitlll Ji^jjJI j| I (jr a-uuj 4_xJL«JI .5^*11 i U r7*q t-.4rfcTL1.uJ j-jlj-UI oJLAj 

4_jl^J ^^yji 4_Lu.Lu.2l t-jLl^jJI 0j_4 ._L____ 4_Lull_u.I 4_L_J__L<5 t__l_>I^J t_J^ij A I JlJcTu-uLj 4_L4J2jJI 4_aJ__) ^1 (_)-= (JT - ^ 

. ( NOT gate ) " <___uji " '^\^ 3 ( OR gate ) " 3 \ " ^^ (AND gate ) " 3 " 



" AND gate -j 2bl#- 1 



AND 



& 



:_> 



<z^ 



AND "j" 4_,i^ CT __i__JLi> J Ji(Y- Y)j__=_,_, AND ol_j J J*j_b^_-_Jls^_|jJl(>- Y)j__=__i 



JrkjJ! 


S^JI 


B 


A 


Y 














1 





1 








1 


1 


1 



(Y)JjJL 



J^JJI 



rlTuUI 



Off 
Off 

on 



off 
on 
off 



0)Jjj^ 



E^' 






Off 
Off 
Off 
On 









uLujj&ttl 



<jl fij^ljJI oJl-A (3-a Ja-^^Lj J " AND " 4_)l^jJI J-«-C. 7=-^JJ ) J^> ,~,tU Lc=3 4_j^Lj^=l!I 3jjljJI 
frp'^J V 4_!UJ1 ojui J-^J Cu^yi (jnrt'i 4- Oil grtiiUfl A & B jU-Lli.ll <jL== lit VI ^im V r-l Ur-ltl 

. ) aJ2j (JjJl^j 1 o^—i . r-Lj^aJLI 

Ua>L== A& B (jMi-jJI jU= lil J*_^ "1 " LjL^ UJ £j^J1 <j^=e AND "j" iJ^ J? Jj^>Uj 

J-&J A ILl<L>iJI (JjJlJ>«J 1_3j_*J (JjJlJV A I jLSelLmlJ Ajl^jJI (J-C£. T*-— LlJj^J j| tliJi £yC J.LlCl1I Jj ^— I 1 'J 1 LjjLcxL/J 



I JjJl*- *Lu 4 
: 2J3>L*JI AljieTmil (Jjjia (j-c AjI^lL! J^JlII tliVUlvl JiJt^J — ^ 

. 4_>1^J1 Ji*ljb9 JjJ^l II itup* 2" = CjVU^vVI JJlfi. 

. ijJiLHI ^jJkJI aJU. ^j^j J^jJI cjVU. j> aJU. J^= Jl^i - Y 
n=3 <jU= lil Ul . ( \ ) ^j JjJ^JL. U^= 4=2"= ^VU^VI jLa 2 JiljdLI ^j^i (jL==> IM : J^ 

8 = «— iVUTlvVI JJlc jLa 



liULSJI ^ loieiuAj AND ajI^J iiljp^JIJI SjiljJI 

~ 5V 



E^ 1 



>P 



->H> 



j^jji 
— 



or- y)j^=^j( 

I Ju>j fljjljjl ujuk 4-J <— iL^LiiJI -alju-e-li-uL £rti>*JL<J till i AND "j" ijl^j J-jlcJ (j^-U (Y) J^ Mitl 






jrjJJ! j^ ^LULj ^Uf jL*jl 4JU 2_ j^",,,, ^L^LnJI jLa "0 A&B j>U jJI jL=, lit - 
LIU. 4- jj^~V ^LjSL&tl Jl»4 <jV IjJ-t^. (^jLuij ^j^Jl jLa "0" A , B jrdi*jJI jl»4 jL^ lit - 
■' r ^J.' l," '" J w, -^^ j'^' 1 itk ' 3 . jj^"-- .-■l/il-Ml^u'T' A "R ^^UjJI jL£= lit - 



"AND Jbijj ^i^ii^^J! li^Lw " AND i>\fj a_^j| ;Lbmi 
J_cn l^, jr^ ^jJlj ^j-vJi 3 U?n jL^=L_if jl^i j_a Boolean Algebra ^j-A\ j^\ 

. 4 j i? t-i 1 1, 1 2jjI jJI I§_ CjJl^»o La ^-liJjjIJ (JljJliwI 4-Ln.uj j_& ^yJ^jJI j-llCl!Ij 4 j ? t~t i 1 1 <J1jLI^jJI 

CJrtl^JuJ Ol i AND ijl^J Alibus 

A.B = y 

Y=A and B jf Y ^>kJi ^jLj B j A f^j 

AND " J " 4j(^j jrUIji 

A. = 

A. 1=A 
A. A = A 
A.A = 









uLujj&ttl 



La=j . Y _$_& ^JkJIj( A,B,C ) j-ojJI jLcuj ^^JLc aJj>IjJI JiJ J_U j frlaJj Ji*l JLo AJ^Ll!! tlili " j " ^j1_jJ 
Ja ->>>ijj (JjLmJI j^JL-SJI AljJeTi_mL 4-UTtjJU 4_jJUi!1 CjVL_>JI(^— 1 ) J^L-^iJI 4_<_llj_uaJI JjJlJV (J^lJ 



£> 



•Y E >» 






Ja.lia AjMj CJli ^jjJl j±aJl 4LU-a ( L_l) 



B . C = Y 



J^JJI 


s>^' 


c 


B 


A 


Y 




















1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 



Jil jl* 4isM3 cil j AND aj!^ 



' Jj^ ( £ ) 









uLujj&ttl 



" iUjJI jtjJkJ jy^LI J^xAll " AND ^Ll^J jl*j1\ ^LJI ,UU~tt 
Ji^jJI cjljLil e^L^= lit jrJ^jai cili AND " j " «_j!jj ^J c^j-JI ^L^ 1 uu - tl f*-"oi : JH» 

Aj^jJi 



n 



Bj^jJ! 



culjLil eJL^= I il < Jil Jl^ <isM3 cili AND " 3 " iuljj g^J <>OJI cilJLJI .UU~n ^jj : JH» 

Aj^jJi 
Bj^jJl 



C J^jJI 









uLujjiftVl 



B B 



£>' 



£j^ 



OR gate jl ^LjI^j- 



-dn 




OR "jl " ^.I^J CT ikill >jJI (1- Y) J^ ,1, OR LiljJ^Lj^rzxJUj^ljJI (o- Y) J^,;, 



J^JJI 


jrj^l 


B 


A 


Y 














1 


1 


1 





1 


1 


1 


1 



J^jJI 


5>^l 


C LLUI 


^-Lu^XI 


B 


A 


Y 


off 


off 


Off 


off 


on 


On 


on 


off 


On 


on 


on 


On 



jt fljjIjJI oJl-& <j-o (Ia_>>^L J OR 4_jI^-l!I J-cr. *-_La>jj (0- Y) J^slAIL L»^a 3 -uLj-^aJI tj^ljJI 
(T) aSj Jj^?V U^a • L*-a U^>i^3 jl On jiLa A & B (jy^Lli.11 Ju>4 <jL= lit *q'\? rl u^U 

Ua>L^= A& B <j>UjJI <jL^= ii! J*2s "0 " LjL^o y gjJ*l\ 03^=^ OR "/' ajI^j <j? Ja^^Lij 



. ( £) <<&j Jj Jjv 4- £-^>« jj* L 



I (Jjji^o <— 3j-*j (Jj^^ <*' J^=^-"L> 









uLujj&ttl 



F O- 



C>» 



^L5U!UI ^IjLkl^L OR VjJ ^ujP^^I J' S^SIjLH 



-|<H> A 
"J^^ B 



lM 



(V-Y) cJ^ 



t^LUCV- Y) J^ r,A\ 4. z^l jJI <> J^M: 
LjLlxl^ ?rj-^1 6j ^~*JL? ct- uJlJ = =x£ - jW^- 1 ' aJL>- ^- ^LjjLjiiJI <jjj=ij F3 j A j^L^jJI <jL=3 lit ~ 

Ll>-j-<5 ?:j^>JI i ^ jj ^""Jl? cy* 3 ^ j'-^* 1 - 1 ' 4-JL>- <4- <-— > LiS L_tiiJ I jj*^— " 1 13 j A (j^L^jJI (jL=3 lil _ 

. 1 = T^iJI . T-L-L^ai,! r^ ' iaj ^LjJLjj 



OR U$A u l^A\j^l\ VAjla 



A + B = Y 

A OR 13 = Y ij^jj Y i^jLxu B ji A [>2jj 









uLujjiftVl 



H ")" Y c> JI 



A 

cj^juJI b 
C 



Jil Jl* A3MiJI cili OR U3J ^sU:tl >jJI 



J^JJI 


s^ 


c 


B 


A 


Y 




















1 







1 










1 


1 




1 










1 





1 




1 


1 







1 


1 


1 





OR L.!^ ^JJI ^LJ! .UtvVtl 

Tc-tisj-a j_& I o^ (JiwjJI CjljLil C^JL^a lil ^jrji^jbo Cjli OR ^'^J Cr^j - " Cr^W ^alaitil rfU-ujI : (JL^» 

S L& ^LkJl ^^Jl j^>JI iJjLw ..r-i^lj t ^Jbll J^,t,tl 4. 

Aj^jJi 



Bj^jJi 



A + B = Y jrdi.jLxi^ti OR ol^J^jJl^^HbL** 









uLujj&ttl 



NOT gate ^iJli>l>>-T 
NOT 



lM a -f>°~ Y ^ 



NOT ol^! sUUI>jJI 

NOT fcy nilt oi^j ^Sl^a^tl s^IjJI 



1 



^V 



J^jJI 


<S>^ 


c bil) 


^Lu^ll 


A 


Y 


Off 


on 


on 


off 



.NOT ^ij.ts/.l^-^ti sy.i >ti (A- Y) J^ A 

JS-jJI (jl ^-> (il JS-Jl.I1 fljLit n ^-i *3 ki-jp. NOT HJl i-i\^i Jac 7=-^=jj l^jJI (A- Y) Jj=lA!I ^ 
. jl^Ij ^s-j Jio y ^ j^Aj . J^jJI ^ NOT XjIjj ciUjJ QM^ttij ON jtjJkj! j^^j OFF 



uujjljil! aI JJc2a*L NOT 4jl^ji ioJjjI^aJI Jl SjjIjJI 




jjlco^lj^^ljLitl^LNOT ~cj$\i(\- Y) J^lAJI 









uLujj&ttl 



Jj!L-<-uJpljIL!l 2_ jLjJ j_<W V A ' *j LaJI Jl_lC Jl-£>- -ij-^J ( ajL " C - Jl_ " 1 ^~ ^ J^— tSJL 4_Ll.lU fij-iljjl '£- 

A-i_i.alJL 3j^_cLl!l 2_ jLu j~ <w A i_3j_Ll!1 Ju_t£. 5 V J $y *_ lis j Ju_Lcj . 5 V ^j_J»JI J ^ (jj ^~'JL9 

. Ij-fl^a Llj^Sj 7^>JI Jl^>- ;JJ^"~ '_'j~ jjTu-ujj-) lj.ll I (J-«-*J (jyiLliJLjJ jjTn.ujj-1 j^pii 

Jl_lC Jti <<~> (_, laju (J^JlJI Jl_lC JlJvIj j £j_J»JI Jl_lC JlJvIj <_jt~tt" (JjwjJI Jtic j-fl-^3 (jib I j ^-i Aj 

NOT CT i-L!l 4J3J J-«-c. _$-& I Juij < PTJ-^' 

NOT <jI_£j1 4jLjjL>JI Jjjlx 



J^JJI 


E^ 1 


A 


Y 





1 


1 






^O-^^- 1 ^ 



NOT Jbl^J^^JIj^Jl^ljua 

Y= A 



A = 1 A = .-. A = 1 

NOT iJ^J ^jJl ^LJ! .uu~t t 

'£- £-ju3£A j_& I 0^ (Ji-jJI 3jLil diJL^3 lil JNO 1 (_yii]t <J^ fc>^ Cr^j"" Cr^'-^ L " (*-"-">" f^-^j' • (J^° 

:>J! 



A J^jJI 









uLujj&ttl 



ijUoj i^-Sj-J iJjJ\ 4 J 2 La Id I j^ljjJI ^I_Ll! 4_j_<_uL-u^1 4-Ll.UI ^^A Lglmlj^ JLfljLuJI <J1iLI^jJI j-lli3 

"AND - OR gates " 



J? — J jiaJLa 







<u2iaiXI dlLl^jJI *_x<a^>«J ( \ * — Y) J^-i tSi 

Y = A.B + C.D + E ^aU;tl j: ..",tl JAaJ 2 : aU:tl s^|jj| ^j\ : JH* 

jl — J ( jji^ii a al JlJc T li-uLj 
• 3' ~ 3 Q*~>'<« AljLselLtdulj 




Y = A.B + C.D + E 









5 ^^Jl J_L>JI 4_J_sL*^5J 

5 f<u-ujJ! «jo *jI^I oj^jJ 4_jJiP i = L '! J' SjjIjJI 7-j_<ilj NOT <j!^j r<u-ujl : i(_>* 
AfiC£> + AC = F : ^LUI CT 2kill j^uOJI JAdJ i-mkill 3j^IjJI ^jl : t>u 

hgfedcba \jl.i 

<~i l ,%. , ;1 l 2 j , , t | , „ 2 I t , u a ( \ \ - Y ) \*-— < ■"■■ 




5> 



Ol 1 ] l 1 |0 - 

t~i l ,%. , ;1 l 2 j , ,,\ , „ 2 f f , u ^ ( ^ Y _ Y ) (Jj=j_ii 



Jss*. 



& 



^ 1g a \\ L-JJjJj]| j t5 iail -^jU'lU 4_dlaJl Ajoiuij^il 



>J 



1 

*3 



3 



4jwS)ULuj>S)I 



LuiVl ^U;M cAjljJt 









uLujj&ttl 



j j S U ; t 1 <J1j l_j l^_jj I 3 La i ulj J LijLb ajj t *j l .'^~' '' <^Lj-<-uL*J! (_p-a i JljlSjlUJI 2jijJ_ii 4_t.q.ajJI < La-Lll (j I 
jj! (j^-i «ij 4_l<jiLji^?I tiajLjJI tfjui (JjOJ 4_l<jiLji^?I diLl^jJI (jr A (_3-aiil 3 3' l 3 < — 'Wljj J-P'H? -<Lj-<-uL<-u^l 
4_jl^jj( (^JNAJNiJj J ^^yjij 4-j'^J : m£jj»*zI dlLI^JI tfjui (jr »-<-uJj .,_£jjw| fiJajLa 4_Jiiil<a <J1jLI^j £-j>jl g-l^aj 

Exclusive jlsi m , „vi jl ^ ajI^j * ( Exclusive OR ) oSi as , „vi j? aJ^jj (NOR) " jf ^ 

.NOR 
NAND gate j ^j 2ui^j - \ 

,j_c. ^j ■■ ^— «" <u. ( A. 13 j ^yJ^jJ I j-l,lCl! I (jjj^nll LtnlaJija A,13 (_)i-l jJLI ^j-*^ j<uj .( (_, flj AjI^J ) <j-tL=jLc 

. (NAND)" J( ^" 

NAND 



i=D 



A.B 



£>o A.B=Y 



& 



j-AJ J-& J Cr^ -1 j-^j tj' ' ^"^^ •( ^ _ i ) (J* : ~i i"' (J-iii-ul ^- J Ct^ 1 ^'3^ aJlst" mil (_, ri La '( I, I j_ajjl j (j Laj 
.cl=jL*J1 SjJil Jl!L Sjjl jJI oJui ^y-^-mJj .prjJeJll JlIc 2j-l<-u» 2j-i1-5 ^Lisl *^o j ^>'^ 

NAND ju^J c^3^I j^I *kU* 

Y= A.B 

NAND 4j!jJ " tjil^uall " 4 n.tR>JI JjJlv 



J^JJI 


£>JI 


B 


A 


Y 








1 





1 


1 


1 





1 


1 


1 












uLujj&ttl 



NOR gate jl ^j ^ui^j - y 

«_a Lglajj j<u Ju2 j I A_jt^J 4 jrt'q . ( Y _ Y) J^— i A 2_ (j^-J-ll ( jr -^iaJil j_ajl] ^ t-nt-tVitl *u-uj-!l ^1 jJaJill 
(j_c ^j-"-— *"' *U. ( A~r 13 j ^yJ^-J I j-l,lCl! I Jjjj^— "^ Lt2la-La A,13 (_ji-l jJLI £-*»>■ f^f •( (j *** ^j'^j ) >J"^~^ g 
ijl^J Cr JLc 4_!Vj> (^Jg-JI j.u-CJI (J\ CjlojuJs] Ju3 " " LJLaJI AJaj-JoJI <jl ila^^LJ (jJt ^rt^tl AjI^j (JJj-Ls 

(NOR)V"^" 



NOR 



T^ A+B [>o_ aTb=y 



o- 



"j f" LrJ iJ 4_iljJ-! Cr Sla-iII j^oj-JI ( Y- Y ) J^ mi 

: 4j1jjU ^^Jl j_^*JI SJ-ibuj 



Y= A +B 



NOR Jui^i 



J$J- 



J^jJ! 


^ 


B 


A 


Y 








1 





1 





1 








1 


1 












uLujj&ttl 



Exclusive OR gate = EXORlLSLtilwVl-ji 2bl>>-r 

(jr lii>. £^H>- l? ^* >t " t "-rP* I "{j^"""* 1 <J- c 4i-'j 1 oflj! ^-j'^J bjJLj W^! jL^J L-4-=5 4-JjLil.b ajI^jJI ojui (jr*-^ 
XOR AjI^j tii!JL=j ^ a 1 m"j "0" r>>JI jj^,' tiUi Jlc Loj JS-JlII (J^bgli-u^o i_3>Ll>J Jiic "1" 



tjLuluiVlj 1" <jI^J CT 2kiJll j-ojJI ( V- V ) J^-. mi 



Y = A 




EXOR ^^Jl j-t>J! ibU* 
-► Y= A . B + A . B 
NOT j OR j AND ^bi^ XOR ^ JAc: 



A.B + A.B = Y 



"c-jIj^J! " 



J^i 


S^l 


B 


A 


Y 














1 


1 


1 





1 


1 


1 






J/Jj^l 









uLujj&ttl 



EXNOR ILSLftyrir I j) ^j i>l>> - i 

■A©B = Y ^ J^^j j-^uoJl lJLA „^t :i A©B = Y ^^Jl j-t^iJl gss <j2\ fr, , ,,VI 

XOR^u^j^ 



A 

B 



A©B N A0B=Y 



j[>^>- 



A 
B 



<-uV1 j 1 l _ 7 JLi <jI^jJ (jr flIaJLll J-oj-JI ( t~ Y ) J^— 1S1 

EXOR ^JjJI j^JI SJAjla 



Y = A © B 



<—) Ijjual! 4?j?-*Ji JjJ^>- 



J^JJI 


EJ-^t 


B 


A 


Y 








1 





1 





1 








1 


1 


1 









uLujjiftVl 



jmSI^JI j»U£LuLj uLjI^J! Jj^u 

(Jj^eHi! 4JLg.n1] I A ^jj LaJlj .(_£jjM 3-LflIaJLo 3JI J J! (Jj^relJI J! 4jvL»JI j g taj <Li2laJLl I diLl^jJI (JL«jlLj<I JlIc 

I , „^-il /■ jjj i ^j^— i LLre-iJjjI Ju2j .CjuI^j]! T^jLita jl (Ji.1 jLa (jyic ( ^ all! CjuI^j ) q a^lj£ aI JlJcTu-uI (JT ji 

.Cj^Lj^seiJI 2Jl& %_Jsjj 4_jJLi!l (JjI Jl^JLs I jj j (jr aJ 4JI.5 «Jiij j <LjI_jj rjjt^j Jj-ojj 









M— Vi ii^Ji 


^J! 


UtJbJt 


x> - 


H>- 


- NAND 


x^- 


-D- 


= AND 


T>- 


^ 


= NOR 


n> 


-o- 


OR 



cibl^JI Js>Ijl* l 



ub ( "I — V ) J^auS, cjLI^JI ^jLita J ,.^^ J M'(n-V)J^, ; :, 




oLI^ji ^jLi^j j*i ju» Af j-ub ( v - r ) 









uLujj&ttl 



ill oLI^jJI «^x*^o 
ijLiij l^j-^ tP-" A-iitaiLI j^ljjJI ^LiJ 4_»_<-uL-u^1 4_lJl!I (_,_& LgTi_ 1 .uljj) Jjj-i-u <_P-M <_ iLjI^jJI j-j-IO 

"AND - OR gates " " j? - 3 " jki« - \ 

"NAND gates " " i( > " jki* - y 

La I JlJcTh-u I j-L^sVI jji (^LiJI 3 J .'"' * JU? 

Y = A.B + C.D + E CT 2kill j^lUI JAdJ i^kHI 2^1 jj I ^j! : Jlla 

jl — j j^'" a I J sell i "I J • Vjl 
J (jt j2J ( j^' ^ a! JlJc Tu -uLj : LjJL) 

: J-JI 




F = A.B + C.D + E 

NAND " j ^ " cib^ jjLcaJi jkni 4. ^li^ji j^= jijuIlJ 



O 



£> 



Y = A.B +C.D +E 









uLujj&ttl 



SJ^Ijl* Sj^jVi ciii ( NAND ) j( ^ ;l>UJ akH I >jJi ^jtj ^^Jij^oJi ^^=1 : ^ 

SJiJjL* ijujVi cili ( NOR ) j] ^ '^\^J U ?U;\\ >jJl ^jij ^^Jl j-„l>cJI < v ,-^l : Y 

SJ^Ij^ i*jjVl cili ( EXOR )^I;t,,„VI jl ol^j u sU;tl >jJl ^jij ^^Jl j^oJl «■ ,-,*=-,! : Y 

:C Ji-jJI (jj^-ij Lajilc.( A — V ) J^-i Mill 2_ <jvjL>JI <_ il i>>i'A\ aJLoL-u jj_j£ 



rf c * ° *_±r -v 



U5bC = 1 - \ 
USbC = - Y 



i"il i %. i «t l < U_mL_u 4 t l ii" (A - Y ) , ]**" ~ I ui 



*.. 



i~il , %. i «t l a I , ,,| , ,, 2 t i M « (^ — Y ) J**~ 1 1S1 

L«JLflrm,« A-5C + A£C + A£C=F S La i 1 1 j-llCJ I JJurJ 4 j S La 1 1 1 3j^ljJI ^jl : v 



I I 


'. 


1 " I 
n [ 


i i , 


-T[^JT]o 


i i - 


t> S / e 


1 

a 


1 


b. 

t> a 






^ ig a \\ t_JJjjill j t5 iail -^jU'iU 'LalaJl 4joiujj^]| 



4 

4 













uLujj&ttl 



t^LuiluUall 



Half Adder H.A 



> J Jl 



A 
B 



H.A 



Carry 4_d^ <><s C £>-^]i Cr i£. c^WL? " ^j - *^ 1 " SUM i oi^ <j_* S ^j-^ji ^^ ^j ^ j-^>JI 







: (jh La=j (— )lj i,MI 4 r7jr7-» 


^M^jJll 


oU>iJ1 


A 


B 


s 


c 

















1 


1 





1 





1 





1 


1 





1 



HA u (tts>'A\ x-aLaJJ 4_Lj2^J1 JjJl>- ( > — I ) JjJ^ 

S = AB + AB 
S = A B 

: Carry J^jii iLsU** 
C = AB 

AND j ^'^ Lg-^^o aJjUII OJ.&J 
J^-i M.tL I o^ AND LjI^j + XOR 4-jI^j a! jiielLmL >7 )^>itl x_aL>JI 3jJlj> 3 j^~^ u- ! = x - < ^ <-^-!^-jj 

:ct JLUI 



B ^_ 












uLujj&ttl 



A 
B 



Half Subtract H.S Cr i^dJI ^jLLJI 



H.S 



D 
-B 



>jJ! 



1_J 4_jL>JI ^_ 4_j>oLL!l r-j-LaJI 4_JU_c ^q-iujj (j^H'-'-* (l)"^- 1 ^- L^V ^'J-* a ^' L^J-^ ^ * ""* ^'J'-^' ul^ j-°J-^ (J"* 3 

4_Jl=j (^-a B 4_iL>. 4- 2^L-^' jsjljlJI i-4jS ^ijia Bjld-i-uVi 4_Ju-c bo? "<Jb-*^ " Difference * oi^ <j^ 

(j^jJLI jl *_jvj^i1 4_Lj2^J1 JjJl^- <J}L>- (j-o CT i_t-iii!l r-jLLaJI SjJib O-q-q-^ Jl^Ij " jbu-mll " BOITOW 

: jjylj I o-=3 i La *3 (j^-i3l (jj^JlsJ 4_jjI_uJI r-j-kaJI <— iL J LaaJ 



o>Ujdl 


^bvjjai 


4JLa ^jijJail 

A 


B 


D 


B 

















1 


1 


l 


1 





1 





1 


1 









u hi^'A\ t-jLLJl! 4?j?-kJI Jjjcv( Y — £ ) JjJ^ 

D J^iJt HA** 

D= AB + AB = A B XOR ol^Jb Ji*y 

B : o^U-aj 
B = A . B ^^u £* AND ;l>ujl, jiu^ 

: (_,!: L^=j ^jhts>'A\ 7-jLLai! 4 j ? t-i ) 1, I ij^ljJI iij^'j 




CT i J ^UI ^jLLJI s^b ( Y - i ) J^=^i 









uLujjiftVl 



Digital Comparator <j*3jJl jjtijl 

(A>B, A<B , A=B) ^-sjuJ] ^LcoUi ;uu jl ^ jJl^>I 









x- 


A = B 


A 




Comp. 






Y- 


A<B 








B 




Z = 


A>B 







( _ t a£jJI iJjIJLcl! 4_LlSj>JI (JjJl>- 



A 


B 


X 

A=B 


Y 
A<B 


z 

A>B 








1 











1 





1 





1 











1 


1 


1 


1 









; iJllII C^taLfcX! K-cu-oi JjJL^J! £yi 



X =_A_B+ AB 
X = A B 

Y = AB 

Z = AB 



5_JLli( fijjl jJL (jrdjJI jjLSil Jr£^ l 




J 4-fljL-oJI dlV^L«JLI (j-OJ 



D— 



CtA 1 j JI <jjLSll s>5b ( t - i ) J^=^i 









uLujj&ttl 



Multiplexes uLJLuJ! ^2£m 

dlLl^j 2 JlC (j^3 ;JJ*^~ '**'J^ H-- ^ I a I — '**' a 2jJl J J^~ ' "■ ^- (JJJ=lJ^ 4_Ji2ljIL!l 4_JLLa_ii,l jjljjJI JlvI j_& 

^LLLaJjJaLUl ^jj/^tvi j-^LtJl 3A c^LJi Cr 2iia jL^i t^^u^j < (AND , OR , NOT) 

_SJlC (jj;"-— ijij (Ji-I jJLI lLsjU-w. £ys diLa^l*!! jLHio 4jr7t-tia Zjjl-i J-A til! Jl^jj . j'jJl!! ^^-ij'^b^— ijtl 

2 - TO - 1 Multiplexes jrySI <> j^Ij oLiLu ^,211* 



Do 



Di 



2 - TO - 1 

mut . 



<^ jliJl cjULaJI 



diULnJl jUiiJ ^Ui« 



Jilj-ll 





1 

2 
3 
4 
5 
6 
7 


diULJl ^iTu 


A 


V 






B 




C 







E >J 



(j^jjl (j-a JlvIj <J1jLJLjj ^ Sj i a ( £ — 1 ) J"—! ni 



IJj^ 



s 


F 





Do 


1 


D: 









uLujjiftVl 



^>lZ3' o^° J^-lj tlilJLuJl (j flj * 1 4_tia!ajJtl ej^ljJI 



Uo • 








^u — ' 


.. * 





4 - To - 1 Multiplexes huj <> jl^Ij otiLJI Cy ai n 



■| Jj^ 



Si 


So 


Y 





1 
1 




1 



1 


Io 
Ii 
h 
h 



CT 2iaJil J^Jj-JI 



Input 



4x 1 
MUX y 



Output 



Si 

So 






o 



4 - To - 1 Multiplexes culiLJ! Cy 2iH i^u-.w s^sijji ( - 1 ) j^.t, 









uLujj&ttl 



Demultipexes uLJLu)l£)>« 
1 - TO - 2 Multiplexes jtujI Jl j^-Ij oQLu q^a 





















1 - TO - 2 
Dem . 




Do 


E 














D, 


























S 





1 Jj^ 



rj-^5! Jl J-STu3 fijLiVl <jLa Logic 4JU- 4- S ^^-^lll 2jL<i| <j_^=J LaJ^ic 4JLa 4_L»2^J1 JjJ^ <>a 



s 


Do 


Di 





E 





1 





E 



4_jJtkiI,l SjjIjJI 



rro- 



-o- 



D„ 



=o 



1 - TO - 2 Multiplexes jryisi Jl j^Ij cjULJI ^jjl ^2kHi s^si jJK "i - i ) J^i 









uLujjiftVl 



1 - TO - 4 Multiplexes ajuj? JJ jl^Ij ^LiLu ^j^ 






D 
Di 
D 2 











>Ji^ 



So 


Si 


Do 


D: 


D 2 


D 3 








E 














1 





E 








1 











E 





1 


1 











E 



So «_ 



o- 



^> 



o 



^^> 



4_tikill fij^ljJI 



^»D 
-Di 



-* D 3 



1 - TO - 4 Multiplexes ^.jf J\ j^\ 3 ciLiLJi ^ J3 i iccWM ija jJI( v - l ) j^.t, 









uLujj&ttl 



5 4 r7jr7-»JI (JjJ^v ( >"' : — ilj 4-i2la-Lll BjjIjJIj (jr fl^a-cJI x_aL>JI j-aj f«U-ujl : ) qjj 

S 4 r7jr7-»JI <JjJl^- ( >"^— ilj S-LfllaiXI ijjl jjlj ^jhts>'t\\ 7-jLLaJI j-aj rfU-ujl : Y \_yu 

S (jr cJ2jJI (jjLSil (JlLcJ (_yJI Bj^ljJI *u-ujlj (jr cJ2jJI (jjLSil (j^i ^l^-i" tVjjjj 

S 4_*jjl Jl JlvIj cIsLJLljJI ^ e~i tl (j a La II I j_ajJI j«_<-ujlj diLJLijJI (JT 2HJ-a (j^l p 1^— •" : £(jjj 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



4jwS)uLuj>S)I 



a*i^*ui j^Ijjji 







Integrated Circuit - IC^LSm^ljdl! 

*_LaJ2 Cr lc. ^jJI^j Chip 4jaLJ2j ^^JiJ (jj^-ijIj-coJI (j_a 3j-l<_(^ 2jjJL) jj_t JjLlC <JLal^-i"l,l jjljjJI 

LJL>J J 4 I l^Md 4_jjLj_£j=l!I » t-ititl &J_& J (— ll iVl^-^Oj dlLajljLo — djl jjjj — <Jlllj|jIL-ujJljIi]1 (JlLo 4_jjLj^=J 
^^-— -j" I "^ J ,JjJ_L^3 ( jr J-C jl (jJ_*-<5 ( jr J-C 4_J2L2jJI «_ii3^J . 4_LoL=lIL<5 2jjl J 4_jjj=3_a 4J2L2jJI (_ji-l J L^-LeaJLJ *_<5 

LjJ (jj.il '< uaJI ^ l^taj . IC S-Lal^-Titl 3jjI JlJI 4_^^-i a piIlS 4_a^.jL». J-^-J? lLLSJ Jl Cj^L^ajJI fC-seJjj 

C j _, U ^ (j-\_*_<5 f*-^J 1-tJ 4_L<5|j=lL<5 fijjl j (_>=> • (j" t -<-<- u J ^^J^ C?U SH'-*^ (J-° ff-^J' JJlC 7-jljJJ^ 4_J_<_uLjJ2 aLstJvI 

4 (7 It" 1,1 4jjj)j_tiaJ| diLa^l*!! ( jr lc i_£jIb>o <— )L»-lLClU <_jLl^= j-iToJj f-sLJI r^i^J ^-^J-*-^ L^jJ^i^a peia-i-u (jyic 

. I(j<l\) L_x-<-tL>. liUoj diLtlilL 

. ^ULSotl jjIjJUI j»U£luI bl> 

.4juj-<a 4_i^3^j ^ / ^ ♦ (_yl£. (J-*-iaj (jl j^~> «ij ^gjjl jjt i^tl aj*^»JI (T 

. jjljjjl (j_<5 ,_£jS^I 4_LC.jii! 4_n.u-L!L (_a-Lt-iJj 2jju2 i-d^l glu-ul (<_! 

. Jll 4 Al<^>" (cj 

. 4j^i!1 j? J^ihl-^ ^L*- ti-JLl* o-"^ ^^ * t"ij > ii i L^ic 4^>JJLl!l ajlj_=»JI (cj 

. 4jj|_*JI jjIjJl!! ^Li~= 2j-a ♦ ^J\ J<^>" Lwj 4_l!Lc Sjg.1 a^aj 4jLaL=lll ijjl jJI J-»*J (77 

. fij^l jJI JiJ J LpJLZul Jtlc JS? Lloj jui*t3 fijLiVI jl fci^p- <jJLc icj-^J Jaaj (r- 

diLJ^^xll jl ki*-J»- i_3lj_Ls}U (jyli-l J Jj^ai CjjJuv JLcIo-I (j-a JISj 4_iiiJj diLaUJ JJ-^-J ^JlC (t- 

. j Jl«JLI j-a ^J^J 7=->'j-"' <3d>^ (j-* 1 I fl'^ 1 *. 1 .' J ' <~t"t~ 

: 4_jJLl!l dilj-iAiL ^TLftTu 4jLaL=LJil jjljjJI (j^3 «_u^aj3 jL^- l5' (-^ 

JSl 4_,lvl ill culj^m ajuc • 









uLujj&ttl 



AULSuil jJtjJJI j»li£Lul U£L£ 

4-4-i-uJ 5_jLi^1 JlII L&jlj^l lJiJCj V|j I (j^i.^ (-..-i_.-i.lj A-JLc _jljl_Lb J_«J_I I ^i--i«i J V — > 

. 2jJj_t! ZjIjjJI 
(jl I o— — . L^I—LLjL—ijj __L__JLl J-ila 4_Lal— — i"lo j— »'j-S _)-_—(_ l(j*j ' — — > (j— — i «ij V _j_^_=xil (j_ _u — Y 
(J — — ■ I g _ >ij ( _ 3 jJIj Ltj___ 2j_i____JI 4jvL_iJLI c-xj-_ij ^'j« _ aJI x_)Lj c_L_L__JLIj _jL<jjL_U )t_ii__3 
. 2j_i_t___l Aj_ Jl *_a 4_»_>l_wj 3 1 ^1 ——."1 1 2j_IjJI _3_>~ 1 _> Lg-Lo 

x_aj J_al_=_L lyUjLilml AjJb U_4 Lg-La *>»■ ^1 t_J_- J__ 4-Lo 1 -=— i ~ H fij_l jJI r->L_>l (j--i«lj V — V 

4____JL I j L_L>_ £j -=a^j ; UL_=__,I j.jIjjJI aIj__L_jI 4- ^iaj___JI <_ij_u_l (jLa _LJi J __ 

. L^J xJLc_J (_pjl —J I j- L ce l l 

i>_u — ^ 



j_= _Jij (ns) ^_ jjL-L o-LSjj ^>_ji Jl ^___jli sjL_,vi jl__v ^j>ui _^jji L _^ 

. TTL 






tpHL = 20ns t PLH =15ns 

jj-^Jj Logic 1 Jl logic j>a Ji-jJi J-Sijj Input J^jJ! 4. "a" 3 Usui jd^ J^^ti <> 
J! 1 6-a ^L^^h^c^ tpHL = 20 ns ^j j^foj ^jJkJI 

tpLH = 15 nS <jjJlS l_Laj Ij^b-o ^>>JI Jiajj J I 1 <j-<j J^JlJI J^y J^jJ' 6-° b ZUc'tW JlI^j 
. 4-LflIa-Lll jjIjJlL! Jji (Vitl 4-Cj-<-u (j-C (j-ajJI j_l«jj 1 J I U (j-oj-tiuj J^ 






Fan in : j^jdi oLc^ ^jul - r 

. 4jI_jJl! 4 I < ^i rt U (Ji>- jJI iLajjt-t-^ £ys _SJlC u tsifo) ^Jb 

Fan out : ^kJ! cjLcjJj ^jl^ - i 

. 4jl^ti! (_, S La « II 

sg-.i^.,.ti 2jjiiJ! - 

jjljjjl Ldl^LmJJ < "0" i "1" 4_!L». I§_ 4^l^"i ,nll BjJl^JI (^-a J-!=l! 4U , njlll 4_4_l2J1 Cr _ii 

cili TTL gjjii Q.lmw ic ^^L2Jl ^_lU lOmw ^ij^ Ijl*. Sj.^-^ 3jj^ s u*w,m 

Packaging : Liiaii - v 

DIP ^j-u &><1\ (jr-lLc- t— alj-La^l 4 Sjj-Ls Lij^_<if 4 I aI^— "t I jjljjJI t g A'»~\ fjij-b 3Jl-c J^>-j3 



Era \ 



Wil-LB 



. 33 

4_LaL=i2l > 1 j^ljjJI *>''■-»" £_ 4^JlJcTl 1 .u.U 4_aic.^/1 icj^jJta ( \ — ) J^-i mi 

j^Vl ^t , tl 2_ Jl^jj dUJL^s. IC 4-UI^-itl lj£\ JJI ^ ■■■ 






Digital Waj - c_j Linear 4_ik.^ - 1 

4_jj1_<j <JllljL.il *_<a 4_ui^jJ| 4 I aI^— "t I jjljjJI ( J_aLiUJ (J^->- £_ . Jl^>JI dlLJjlJLaj dllj_i_^xil 

. " binary -1 " ;uuji 

scale Integration -Small (SSI) l^/i^iH 4JLI3 j^IjjJI - \ 

OR - AND - NOT - NOR -NAND Ji* ^l^,! ^Lkj j*_£sj L^bu u 3 \ lyUu oijj 

flip- flops ^lullui LiiJji^sj 
Medium- Scale Integration (MSI) < ^/.^-iti ik^ji* j^IjjJ! - Y 

j "''-I? L-ijLta^j ^J-Sj (_P-!I cr-*J ^^^J ^— ° j' 4_i2iala 4-J^ ^ * * <J | ^ Y (j-o i_£j_2>u jJsljjJI Jlj^ 

. 2j lJLls3J I dilj-^jl jjlj aj A ,~, 1 1 tiJLaj ilil.il JutJI I j ' n '-^ O-^J cJijIi=Ll!l 4-LJLfl L-kjUoj (j_a I JllSju 

Large - Scale Integration (LSI) < hr,^~\\ ^u j^IjjJI - r 

3j-lj_=3 c2)lj ^ili (j Lc ^j_1>oj I (J-iL*J I « 3 ~\ 4 jI^jj \ * * ^ a j ~^—i\ (j Lc tt £ 3 "i-»«j j-iljj !l tfj & 3 

. Microprocessors ^\ J3 .^^ 3 ^ 3J ^^ 3 
Very - Large - Scale Integration < */,*=-,-,!! 4_ji_c j^IjjJI - £ 






MjJI AULQl jiljJLJI uML& 
Digital Integrated Circuits Families 

(3-aj L$ajl^3j2 4- ^aJLJr" nit I i_U£p^=J! Jl «-La2JI L-^-«-ua> Cj}LjLc. (Jl 4_j^aJ| 2 LaL^alll jjljjJI ( ^ <-^" 

: ^ La LjjL>o iajjjtll Cj>LjL«JI 

TTL Jl aJSLi Transistor Logic -Transistor (TTL) jy, ...j^i^s - jy, MMjJiyJi j_Li* - > 

. 4_u.<-iTu J) La ' 1 1 <JU^LjLc j~*~~ >l (jj-*J 3 JljJlC 4_lcj3j L-kjUoj 4_ ^LajLJeTn-u-a 

Emitter - Coupled Logic (ECL) ^^Ui jipii jki* - y 

. 4_J|_C 4_Cj_^u cJ LajJ (_yJI pt\;tl £_ aJlscIL-uJ ECL Jl 5JjLc 

Jo^-ill J-^>jil 4_ui jj.m^j? — (j Jul SloL^alLI jjIjjJI — Y 
Complementary Metal - Oxide Semiconductor 

. ilLLJJ }US L~=}L^I v IWm jpJI jJiUI 2_ ^jJticoj CMOS Jl <i5Lc 

. Resistor Transistor Logic (RTL) j^w^ipJi - u 3 \2i\ jkia - £ 

. Diode Transistor Logic j^i^JipJi - ^Lu jki* - o 

Cr Jui L^iLl^ 2_ j_c^ jpjij ECL 3 CMOS j TTL ^u ^ iuUaII sL^Jl 4. J^i^ji J^=\ <> u! 

I— u mj . I g lor <— lljj" mjJIjlJI (^-SJ-J p "''"I 1 Ajjjj,.^ ,_£j_Jw| j_i^l_Lc (Jl ^LtisVL JjTl—i-ujjJ IjHj I (j t-iia 
(J-L^-iTuTl!! 4_Cj_^uj 4^-ilfl" nJ.1 fijj_i!lj 4_jJJlJ| J_£JV 4jj ^ , n j_& L&p_l£. (j_C 2j_Ji=LJ dl^LjLsJI tfj-A .»! JiielL-ul 
j^IjjJLj L^Lajjj I gi-i i-^j" 4 1j /j , „j I ^ m~ ( _yaS-j <_JJjl=3J Li^-LC (j^l 4_u_ul_L<a r-j^>JI (JS-jJI <J1jL«jij_i2JJ 4_JL*JI 

I j_& (Jl ' fll >iaj jLp-Vl (ji^AJ j 74 JiJlsJL I-£aJ2j ^ j" h ^\ 74XXX f^jJLi TTL 4_15Lc <jlj-Lc < a i a jjj 

4 jijlsJL U^-clj j" 'j i^l 4XXX fc^jJL ' a '-^j/^ CMOS 4J5Lc La? . tj-u^o ^itt 3j_l«^ i_aj)^ t*\P' 

Datasheets uUibuliuUS 

(JjJi_iIulJI (_ya_il_t^aiw JjJa (j_c B^J^ta <JliLajJL*^J (jyJ-C- (J J *<^c*JI (j ^"— i <n <J1jLa-JaIJI <■_ il"^— a (jjjjJo (j-C 

: (_ 7 -& 4~_.-u.tjj *-lj^>-I 4j^ij (J| ^ , I, ^ I" cliLa- J L C LlI 4^jjj . 4_Ll»-<3 4jLaL=LLa jjljjJ 
. L^j •»■ ' -^ h (JjJuIulJI (JjjjJo — \ 

. 4_JjLjj^.=3 (_ya-ll Ir^t-'w Y 

. 4jJbJ_u /wajl Lsaa- — Y 






S 21 aI^— "t I jjljjJI a I JlJcTu-uI t-JJ^ J^~ >^l : Y<J-« 

: 5-jJLUl CjLcIj^JI Ja=jI : 0^ 
. U.& (>iil^3 Jl L^JUr. 4_t_LLLa t_x.i.<.LV 2UI^— "tl j.j|jjj| ( ^;,^~ — ^ 

- ) 

- r 

- r 

- £ 






ub^m 



C^jJajJ,! 



) \ i^j-^aJI c^ L ^ 1 -i^^l 

W c^LmmXI 

1 \ <ju»luti\ ^2kill ^LI^JI : JLulill 2 jLv^l 

U AND jaJjj 

Y£ OR jUjIjj 

yv NOT ^11 olj, 

V\ 4 j ri La i 1, 1 dlLl^jJI £_u^>«J 

r\ s^\ s : au;ti ^li^ji : aiiui zjLvyi 

y^ NAND j^ajIjj 

yy NOR jl^^i^ 

rr EXOR 3L5I in , ,,vi jf ^ 
ri EXNOR i^LSi^Vl jl ^ Juijj 

To jju^—i\jjtl\ a! jiielL-uL <_ iLI^JI Jji^o 

Y*\ 4_i2lajJLI dlLl^jJI *_ia^>j 

YA ^SLfill ^Lco^JI : i^uljJI Zjt*.yi 

YA (jr a^aJL!l «_aL>JI 

Y<\ CT i^UI ^-jLLaJI 

£ ♦ OjLSlI 



ub$I*Il 






uLujjiftVl 



IX 
11 
11 
IV 

l\ 



^Lal^'ll^ljjJI: 

^jJJIj Ji-jJI <^>LcjJj JJlc 



^uji sjL>.yi 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



( ^U& )^w£> ^^ii^j 



J - L g-4-> 



J 




yiUJI _A__t| uUSjjtStttl 



<____! 3 d-uVlj 2)uj->^l (j^a JljJlsJI <_______ j juajj _£ JJI juij-sJI ____ Sj_i__L*11 L_jLl>. _1_ diLJj^l^xJVl 

4 <|h'l! ____• Lj__1^j? ^yTnToJ l_jVL___)V1 4 o tVlL. CjVLjJH Lu_l_Jt3 2_ llU-C 2_j LujLia 2_ ajj J^j L^ajije!u-aj 

4_jJ2ljJ,l 4 otVil £ys JljJlsJI tiiJi J! (_aLuaj iLuj^j^aJI Sj^rjJ (jr A lupLartloj <_j^u.L»JI Bj^jvlj ^jj^pi^iJl 

. L*j1j.S?j Lj^aL&jv? i_3}Ll>J ^yic p^— — "tlj 

JaaJIj LjjLM^at £ys ajUlu.VI ( _ y l£. JaaJI £ys JuV <jl-^i sj-LaLtll fiLpJI 4- ^^HlP^ 3 ^' 4_w-&V IjJaJj 

jjk tiiJj J-L.L..U £_ Jlo^l Jjjj-LJI (J-*-l9 4-alTiJeJH L^jVUta £_ dsljLjll (_>Lul»^>Ij < lujJSjLva <— iLt-Ln-ul ^yic 

.JUJ.I 1 Jl& ^-ili-" 1 ^ ^^P^' Cr^ Cr 1 -" Sh^J^'i 4_lJl*JI (m^II -Slj^cL tiilij <_jLlA!I cajjjjj ^i*^ 

I§_ (jj.Lu.^l aJuIJ 4_LJJjJlJ 4 M(7->> (jy^S <>L>«jVI I Jl& I§_ 1_L<3 4_a-&l_UL<5 (J-& Lo Jol (j-lj <_yjl 4_LLJjJil]l 4 Mr7-»Jlj 

/_L^3 4_jjjl 4 JJ^^- (J-&S (j-uL-u^l aJlSj 4_ll<L><JI (J 2J (j'VjJ-'-ql] I ^"1 LtxLaJ (j a * J J 4_l«-2jJI '~'l_i''J^"^— • t>l 

<— )l J-JLClII (j^l lujJ^L-ul I§_ 4 Mt?-»JI JlslLuj .4_aJt2Iiil L^jI ^Jjt^"j diLjJj^jIi^xJVl ^^ic <j-<5 ^i)-^' (jr^-^ VJ^ 1 -^' 

.da_txLj-a (jr JL«-C J^""" 1 u±i (j ii ( » al (jyic tiJUi (j-o Vjj j.~jj3j i 4jij_kil!l 

(J_lu.j 43 Lj-^a^aj j-Liict I ^C «Ji-j_b Ij_u (j^S sj-iu-lU 4 l/j , „1l 4_JLcjl!I LJjLas-i!! £yi .SJlC £yi 4u-L<i>iJI ;JJ^~ '**'"' 

(AND,OR,NOT) JLlu.Lu.VI a*?WA\ ^LI^JI ^ c-jjL*UI <> bjm CT kiu ^ jLLi*Vl <> ^La^l 

x-aLaJL! <_jjL>o (jylc (J.cTuTu.1 I J (jyjLuJI <_iLuu>JL JJ)j-a 4_Lu.Lu.2l (j_a 4__1__JLI _^j_>- 2I 4_l_I___LI -IiLIjuJIj 

(___£. 2 _ujlc <_ijL>_i _-JLi!l 1^1. __a _1_ (j-l-Ju (<u Lj-cjj-aj <_.L_Lll!I ( _____laj (jjLHL Ijj^-a (_--i___i!l 7-jLL_JIj 

4_lc_5jJI 2jLu.^L! _l! _(j_>_L <_jjL>_i x_a L^J aL-JLI _- gH b aj L_j^La___JLIj -111 jl JlaJIj __iL^L_JI (JILa 4_c^a j___>L__. 

(j-L-ZSU-llj 4Lj^uJsL_uI __t! 

l_j1_uj j j___=xJVIj .4__JL_JI (_$^LlII (j-a-u Lc-Lgii lit 4__«__3 fi^La yii^'V 4_lc_3jJ| L-jLjJj^juf-zxJVl (jl (Jj-iJ O' -^^J 

. L__*.l _i| j_iljjJI 0J.& x -t-a-i i ■■" _-~JI 4___ljJI Alujil c-llluj j-lLo pj___>j^a 4_lcj2jJI 

(_)a_>o (jlj Ij^P" 4LllS->JI ^ju_ ^lj_cl _L- ^^j nil (j_a (J-= LiO^J <j^ (_U>J J- 2 - <_^^' C?'! ^"J-" LuLa LaL_5-j 

.*.LcjJI L_LL5ta » j a i ii 4_>l *uj__=_JI <L^_»-^J 4____!L- Lul_c__l 




^ 1g <n ll L-JJjJj]| j t5 iail -^jU'lU 4_dlaJl 4joiujj^]| 



>J 



1 

I 



( <jU£ )?U£j uLijjtftl 



51^^11 jLoJljLL^U 







j+lui jib , j4 yi f ij^ji c-^j 

.t_jjbtl!l ^lj^-1 *Lul oLpjVlj jJLsJi JuJui <_JjJilLI 6>^aJ (jl t_^>o (^ 

. <jj^><j i^t jjrt m JjJa ^Lj^slJI jLlI!' J •■*■'<* ll>ij (_ ' 
• JjLc- ai-^ ^L»j^^H tiJM^^I (jail j» Jlc t_^>o ( * 

. Jj^ajlII <jjJ>J tiJ^L-u? Jjj^jj aJlC t_<J>iJ (° 

. cL^ ijjja^il! 2 ,^,^-^tl BJ.^^1 AljieTLml t_xj>o (^ 

. BjjI jJI tiJ^L-u! Ji^*°l Jiic jJu^all Jl^v jlc. t_^>o (y 

. [yl jjLuaJ.1 Jl^>. J-u^jj JjJa 3j^l jJl! J-l^j1!I <*ls ^ Jl=jIi!I <—u>j (A 

. iiaTj Ot-cte-i^a 4jLj_Laj diljj^lj JiJlsJI aljlselLJ JjjuajiJI Jil£. 4^0 ( ° 

. Jjljlo-I istjlj j^la jl ( (jjjLcl!! ) j-*-^ ij\ <— ijJ^- J^- 'j>2 ^Lj^^xJI jLjlII J-*-^ V^ ( * 

*.'"j "J La-JaJ J^jlII jl^—- a ^ylr Xla^l >J,I u>j (' ' 

. ^^Uojlj ^«Vl CjUJbu £_LjI (V 
^Lj-^^aJI jblJI (_>jii jjja ijjLLaJI jLLai^l <j-° 4jL*j»JI 

JiljjJI I§_j 4_La jJl>JIj 4 I^ij-kJI jiifj ^Lj^^xJI jLjl!l jjiL-iiA ^£. JlajJI ^Jt ajLoJI 2_ J^a^/I <jl 

(_£J jl jLp-JI 4 - < h^ a ^r *-^^d3 t£' (J- J^-^'j W^ (j^^-j-* - ^ <^J^-<-"i_3 L^jLJ^^J-a 4_tSlj_a <_, ij>o 4_jjLj^j=iJI 
: ^yL I 0^-1 ^yjk 2jlj^»JI 4j>-j_S fLajjl <_jLu-u? *ui?j ajlj^JI 4jvj_S 2_ f-Lajjl 



yf/ifl 3jb>!l 1^2juLJ$j&il ^-ili 



.i<\\,„\\ ^lc s/.ijjj^ti ju^Vl 3->Lj - £ 

Jl£>JI ( _^ajnj tl-^p- JsLj^=J*l J$y\\ (j-kaLi- (Jjj«ta *-^jJ (j> Cy*i '(j^xiV Ul Jl£j>JL AjLa^JI 

, Lai LaJ lj 1-iLu.i.u^LiJI (JlLa 4_!jLc 3.sLa jjjo jL^>JI fC-<-ua> * '^j (j? (j^J : Jal^oJI (JjLsJL AjLa^JI ( Y 
■jL^aJLl ^^yjvjLJxJI J^jpJI (j^i LaLcJ ijjijjt-a 4_iiiwl jjl ?lj^v^?l £-J-*>» (jj;^— i"j 

L^Juj-ajj (j <~ I j ' ^> 1 1 *_La ^_ aJlscIL-uJ tlL!jL^3j <LiJlJj ^^~' 11 4_SjL^aJI £yi (JLlxljVI AjLaJvj 2j_iIuLl<3 

?cJI '"'1^— j >J I (J^2c-uj3 j! jjljjjl (jyic (JjA^O fi^Ljj ji liJ^L-u^l (jjjLdJIj-A 4_jjLj^=JI Jj-ilj^JI C-xj-<-u (jl 

.jlaitl! I 'lmrt'i (j^jJU jl jjj tiJJi <j_a * ",;^i<i" til \jj£ jU^JI d>£. JsL>>^=l!! jLjlJI J-^l ( ' 

. 2^1^ 3 ^ n j^Ij^ji ^uli 4. ^La^zxJi ji^ll s^iai jsij^ji ^lul j*.cuJ 

^Lj^xJI jLUI Liiflx^aj V c ^ I Jul *UL> ^Sb^^JI Sj^Vlj ^j^-ill iii^LuuVl ^jj V(f 

4_Lc jL»IuVI p j '* (_>-lLalj 4_La jjjj^VI jJ^J <b l£JL-o^j ^La I e j La 2 a LjjLj^=j L^aJ • •• Culj lit (_ * 

. *.LjJ_$J=Xjl 4_=3J_lIu SjjLicJL pjL-Uj 

' 3 3 S3 J_a^»JI <L1^ ■ ■< ^1 alal 2j^>-Lj zl miUI ^j_& -ijj-j 4_jjLj^j=JI zt-iTolU '£- 2^jJl^»J,I ,3jIj^»JI otaL=JLj 

^j-jj-^j (jia-aL^o L^ j_S3 0J-& f.\ rtUVl 3j_£jvlj ( ^-Ij-jJI CJ" 1 -?* '"^^ V'3-*-' ^"?4-^ ^ (J^'j^ 56 -^ ^^-« e - <3 -^J-*^ 
(_^ JJI jj_jj.^xJI Jljjj.=3 )«_jIjj l^J_Sj j^j^.! r' alal iij^jvl tiJl_L<ij . ^.LalaVLj (_)^aL>- JJjjSljjl/j «L*_a j| i La ^ 
(_<^>ij (J^jj.^xjI Jljjj^— i ?<-j'j (JLa jCu -ul J_Lc. t_ (gill ( %ALaj 4 i^t^-V III 2jlj^>JI diLvj^ ^_ (j^l>- 2j^>«jI (JJ^~»J 
(J^-l -S (JjLi-aJI I JUk I ^j'^ aJlsc!L<-uJ (_y-!l *.LlLaV Bj-^jvf (J.l^-.TuJ ^J-C. 4-*-><J I a^a aLciJI 4_jL>-^ (j-^a jJlj>JI 
JJL ^tj^fc Ufc. ypJI <>^=LaVl J} ^.jUL £_1j—V1 J^Vl J^= 4- ^UlaVl ^ljJ3l ^lcj <51UI j^LaVl 









uLujj&ttl 



(jurtntl <_aJ3$3j <*Vlj (JjL^ (j-* 3 lt^'-^' iistAil ij^ajj 4_jjLj^=xJI 2jlj_<iiJI 4jJl^j Laj ^jL-oJ^U 

. tiiJi j_lCj L-tlSJl (JliLjj-tJsj ^ >-ixLaj| 

- ^L^^aJl^f 

. tiJ^L-uVl 4-L$J-^ J^P J^ 3 ^ Cr^ 1 ^>" (_yJI Lr &j ~ : AJjLjlJt *Lj^=xJ1 (^ 

2.sm ?gja-(-u (jyic A=iljii3 <_ iLbe-iiu J^-i mi (jyic jJjin (_pJI (j^j ( iZuLl!! ) 4j^-ij"LimVI ^.Lj^^JI ^ ' 

4_jjLj_£=j 3jlj_<i AjJt^ta iJuvlj 4jl2_s L^Cj-aj L4JL2 i-ijJuM (Jj-b <— '^^JJ SjrtAJ! C olj lilj 4_Jj|_*JI 

^jLlxlJVL tiJLlij (_yJI 4_jjLj^j=xJI jl t-t-^^M Jl<M <_T-*9 ' - ' " "•""*' LP cP-" 4-be.iTaJI 4jq^ (jyic L^jJiJu L-aJ2jIu 

^jLlxlJVI f<U-tL>. 4_<aj|JL<a (^Jl^JJ ffl di^Jl (jyic 2jL<!u]l 4_a.bJeJLI dj I j Ljl! I j_p G J I <jj LaHJ i_3j-<-u tiJJjJ 

4_^Lj^=JI LojuuaJLi <_jL-ail iUJV SjljIII cj^Ij^-VI <jt] Jl>-L fji>A!l JjS ^Lj^^xJI jLp-U 

Zj-iToJI 3-aJlsei.l 4_^Lj^^xJI CjIjLjjJI <J1iI^_uLj 4_2j_*_1 ^jj^aJill 4_l»A^I ^ tiiJi 2_ U <LaL<-ml 4jL^l3j 

\-QJUi Al Jda '-^X I (j^J 4_$Jvl_L!l <JllVL>JI I— 3UU-ul 4_jjLc£. (J_l2 LJ ^-i.uaJI 4_<3jLS-<5 ,_£Jl_<5J (JLlxljVI f«-txL>- (jyic 
_ '(_y^l fj 3*~~* 'I JLiTlU ^jLlxljVI f«-"L>- 4_<5jLS^3 fZ-UZ^J (JjJlJ>JI 



4_ajLSJLI 4_n T i£ 


JlL>JI p^j L-...-a--v 4U9LHI U^MlLi-l 


600.000^ jiioo.ooon^ 


l^UJI jJl>JI 


1000 n 


^LjJI jJl>JI 


600 ^ jl 400 ^ ^ 


^jl^JI J\ aJI <> jLUI j^ lit i^ljJ! ^tJ^Vl 


100 n^\j^ 


tfjiM\ b&\ Jl jryi^l ^J^| o* 






(jjJL aJlc Lr ctjJj ((^j^jlJI jf Cr c.j_aJI 7-Llall tiJJi oL^3 «ttj-«-u 4- iLuail <j-C ^j^^-itl jLpJI J-*^ 

. 4jjL=JI '£- Ajla jual\.\ 
- :4_JLl!l <"*ljU^.tl *_ul ^ ,'j^^— II jLpi' J'^* 01 J'*"' 1^1 

.(JILi-a j_tcj j_.L l c.i-u JljjI (jyic x-tijj (_)IiLcS j I 4_j jJLLa j_ic 4J=j_l<k_u c2jljLaJ2 JlSjJLI (j-u-Jb (^ ' 
.sLsuV <jQj-a j_i£. 4_JjLc 4_u.iTu.>. I ir^r (JLsjlL-uL ^Lj^^xJI jLlI!' jJi^a-a £^t I Jljju c-il i^U JiJu (_ ' 

. ^U cki-^ j-LLt-ta ( 1000 v ) ^ ji^=? ,U;,mi jL= ij| ^JU 4. (* 

~ ; (—it <s\ o It ^ ct iirt tj u iloJuJI JfjUr ?/j^?*J &ljh->* 
^yicf J! 4_<jij2^3 4_JL>. 2_ <-LajJI (_)a^-j <-_)! uzl I o.=»«j (jjJoJI ^-iJjj «_a (j^jfjJI jlj-^o o"l>t ( 

. jLxlUI ,J\ ^LpjVlj icj-<^j 4jvIj^J t_^o el^Jt J$^ e3^ c3^^' c^' J Vd>^ *cr^ ^-^.i-' 'M ( 
. 4J (J7 A'(i^,\\ «hu\\ 9.\Uc\ JJa <_,« nMI «LJL^u3 Jl <LcU.jl t_xj>o (jJl^JI Jt ^JlIa <jL=j lil 

(jjg MitL tiiJij *S-aJI Jl *lA]I £ys ^yill Lt^aJI (jurtntl 4jlpr I Julj ^j-mjJI <-djLjJ (— il i<->\\ <_dJl J-aJal ( 

. sjl^IjJI i^jji 4- ij^j ( 20 ) 4_JuaJI ^>jla jb^" 1 " 1 4-caj (^ 

. Aj^LsJIj 4 o kaj '( 1, 1 4l2j^IaJL <— il <^>t,l jnti r"n (jy^^ ^ylll r * . — ■»- T 1 (jrirtTiJI 4_JLc£. I|_ j <i" ml (_ ' 









uLujj&ttl 



(jr cl_u^aJI (j u-a lul\ o j I La <* I (_ij*_i2 (_JLSJI ^_ ;j^\" J-^JJ ^J j'"^ Zb V (— )l Laa.ll £)) ClU lil ) _ : 4_LajreJLa 



(c 



_jl (j^V tSi JJLiil (jb=I ^Ijjjj L*^ (_>-l2.U ^yvjL*. tiJLJjij *_« 




Jj^ ^gj-iu-J I JoJI x-tisjj ^jJl*^sJI ( j^aAflJI ■* <\ Lag ^jjo (Jj2-<-u ^1 tiJOJI (jyic ( _ 3 _La-)JI Jail 4^-lj f-^J v 

. (J^~t miILj cr*-j-<3 j-& I o^~^ ( _ ? -Lft- u l JljJI 

ibLtxL^ 1 La are b (jlj ^jjJljJI LII^jlj i La » < '-^ 1 I ^jj)' i -~ uj 4_jJQjl ^_ 3j_o jj^c (Jjjj V 4-Cj_lxlj (J-a-<-u 2 1 La » 1 ^- 1 1 (_ ' 




jjjilitdl j- J J-Jll Joe d4djla 










uLujj&ttl 












uLujj&ttl 



. j-«^l AjJ lit cj^y^\J .Uj.V>tl l£1!Jl^jj •>_;-*• LaaJI (J-t-uajIJI (Jj-^J (J-l^-iTuTl!! <— iLa-JLCu aLlII aLiVl (_>_->oj 



<A> 



. ( AC -A bjpi! jLjUIj 

. ( ITlA - (iA ) ^^A ^J'j^-l J Jth^' Cr* <Lu-uL<-uVl jLjl!l <j-uLl2 2 Jls-j- : jLjili o- ^ « J^J 

. ( A - mA - jliA ) (^j - : ^i>vij o- ^ 1 3j ^j j-^j 



<y> 



I^aII jL$>- 



. ( AC-V b^iti Js^Jij 

. ( HlV - |LlV ) <_,_& ''jtj^'ij cJj-ftll ^yA 1±uX±jH\ Jl£>JI o ^ « J^J~ : JL^>JI <_>oLjS fijuvj 
. ( V - mV - JLlV ) ^Aj - : LAjlj^lj o-" 1 ^ 1 «^J >J 

j^ fi^' jU^ 



^g> 



a pjfi\ j^sj J^xui 






. isj_<iLua 4_ajLSil 4-ajJa (JjjLlSj (»j-2j _ : <L_uLim ^jo^~i II 

. ( 1£ ) AJ^I (_y-4 <LflJ 1-211 (J-uLjJa BJlJVJ - : 4_<5jL2ll (JJjLjS BJlJvj 

.( M(l- KQ - f2 ) ^Aj- : Lfcjlj^lj ^LiJI 2Jl^j>j 
<U»*ljJlj ijJjLftjJI ^LuUI «J-4»-l 

KL-21001 LINEAR CIRCUIT LAB ) ^jj^ai 4. ^jL^ui J^iu i-^jJI ^1 4. j^ 

• cr-^J jU^J ( J-A)-M <— »l^ ) 4-JgLcj 2^4>.I ( 
~ : {jja (_)=3 (jjjLJl! 4_JdLcj 2j-^a>I 4-suj? J^-JJ t^-p- - : 4_JGl_cl]l 3j^>-^l 

. ( AC-A ) jjplij ( DC-A ) j4-„„i\ ^i^l. jLUi ^LS ( ^ 
. ( AC-V ) jjpiij ( DC-V ) j q-i.mH ^>b j^>ji ^LS (^ 
. ( DC - CURRENT METER ) j^iuA\ jLUi ^LS : Vjf 

.( jl 100 mA^tfij^j^l^i^^^kJig^jjoJi^jLiei^C +100 mA )^ > LJi jLp^i jj^ 

.( Jl 1 A ^tfljLaj^LSlI 2_ JLL^JI^JjjOJI fj£-W< ( +1A ) (_fljJall jLuil Jo*. 

(jr L<5 e j ~-<~ (j-a JjvIj i^^Llmj (diLLaj-iIu (j-u-q--^-. )j^-o (jyJLa 4-<-gj»a- (_>=> (J I ^p- LaJajLo I ^ . ,. S" ^ . .. ^ ^ J-*J 
(jl i±^p>- jL^>JI i_aljial (Jjj^jj 3Lclj-a <_ xj>o /4 l^"w^La (U.2) ^jLlxlJ jILo ^^yla 3j Mir t^=>_$ (0. 1) j_Lj-al 

.( ) ^ c_JLcoJi j°>j}*i\ 3 ^^\ jLli^i v ^o^ ^^ii l_3j_Lji ^a ( +1AJT+100 mA) 
.( AC - CURRENT METER ) ^ill jLUi ^LS : Lis 

. ^ I a mij i^jlc (j^-jJ^ 3 ^^J^ ^— *t! j '" 

.( jl 100 mA) ( >^ij^ iLH L2Ji^_^>Lji^jjaJi (a j t i e ica:( +100 mA ) J°>jl*i\ jLsii jj^ 

.( Jl 1 A )(3-<5 oIJlxij (J^Ll2JI 4-ct-^- 1 - 1 ^^ JiJ^' AJJeTL^uJ ( +1A ) L^jiaJI jLll^I Jiic 






. ( U.Z ) i_£jLjijj_La ^^yLa 3j Mir (J=>J ( U. 1 ) j-ujsI 

. ( DC - VOLTAGE METER ) J _ci^u j^i ^LS litis 

i^=> jl ^-P" 1 nh'iia I njiurt* a to? a ( Zl) V ^J\ U V <j^J ) mJJlII J-&J 'Uii'q JlvIj ^JjJ^ '-^'Ji '"-^P* 

( J V ) oJjJ3 4_cxl*j>- (_£jLjij j_La ^^yla 3j Mir ^=>$ (IV) CjJ$£ Jl>.Ij ^jLjij j-Lo ^^yla (jy3l 

t-LV^JLl (_3jlaJ1 _$_& ( +20V ) jjl tlv^p- jU^v!' i-3lj-tal J-Li^a^J aLclj-a t_xj>o / itajrela I Jj=lAj 

. ( ) $± C_JLcoJI L-Sjl^lj 

. ( AC - VOLTAGE METER ) ^ni j^i ^LS Llj 

(J=j (jl ^-P" (^ "-* ' a a-u-u2j a ki? « ( 15 V J I U V (Jjo ) mJJlU j-*j iU?'^ Jcv.Ij ^jjJlJ ^p-j^ *-~^P- 

( 5 V ) oJjJ3 A-i.u.qjv. ^jLjiJ j_L<5 ^^ylo 3j Mir (J=3J (IV) CjJ$£ Jcv.lj (^jLjiJ j_L<3 ^^ylo (jvJEl 

I JLJ=Ljij 

- : Qja J^a 0-°L^ 2_j-*J3jJI ej^rvVI 

. ( DC - CURRENT ) (^jJI) j^A\ jLUi ^LS ( ^ 

. ( DC - VOLTAGE ) (^jJI) j^iud! j^>JI ^LS (X 

. (DC - CURRENT ) j^iuA\ jLUi ^LS : Vj! 

p^j jLjIi-l JuJlSl-l! (J^jVI l_uL>JI (jyic (Jj^i 7-LlHI r-jUti! jl (JiU JlL! iUtir> ^yvLlLla JtJvjJ ^-P- 

jLjlJI (j'ij^*< t—ajj-u 4-jT Lwj jLjliJI (juji^j (_ji>-l jJl! jLj=I ilj Jl^JI <j-u-Sj ^-jUtl! t-LlHI jL=5 lit (j^LJiJI 

<jLj= lil i-^^p- o-°U^" L? JL<J JLJJLsell j-«jijV| S^W^' Ct^ 1 Lt^' rl-Lfli' Lol Jjv.IjJl! LLajJu^ (jj^j 1M 

. ( A ) ^ojuL J^-IjJl! jL^ lilj ( 200|LlA J\ <> ) MjjJLI j^=e £j^j ^Liill 
. (DC - OLTAGE ) yui j**ji o-L* ■ IjilS 

(Jjvl jJJ I Laj «'^" j_ijij 2 I jj-JI jjJ=LJ LaJ-Lcj Jl£j>JI (JjjLjS jLllvI ajj T^jLiti! (j-^-i ^1 jj-!l dsJuus Jilc 

.(200VJI0V ( >)^jJii ( j^^ 

r-jUti! LLaj) ii?ii j_<jij^I jjJI jj^-ij LaJiicj Jl^>JI (j-uLi^ jLjUi-l rfuu r-jUti! (J^jVI jjJI lUii^i Jiic 

.(2VJ10V ( >)^jdi ( j^^ 






^A v^li l^jJaji j^z^ j «-,,„ II jLUi ^L^jj 1 ( DC - VOLTAGE ) ^ i-^il J°>jl*i\ 
. jLliJIj j&*i\ j> J^= j^ 4pA* c_JLcoJi ^ji^Jij < ( DC - CURRENT ) 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



3' 



1 



i 



( 4ji*£ )1jwS) uLijjtftt 



(^yJUx.) 4-ll^L-j^I ^ s U ; 1 1 cjLI^jJ! 







( Logic Gates )2L2kUlubi>dl 

- :LaJiiXI 

.( H ) High j\ ( 1 ) ^jiJ>^ ( +5 v ) jh^b ^LlJI j^>ji <j! l^ui <>j 

.( L ) LOW jl ( ) j*-2jJl! j-ajJ ( j^=> ) JHc=j (j^iitiU Jl^>JIj 
_ : (JT JLi!L=j (j^J 4_j_<_uL-uI 4_i2la_La <J1jLjI^j Cj^Lj (j_a (jt-'-P ^JQ^jJ' 3 clajVI f-J-*^- (jl I Q-=J 

.AND Gate (j ) ^ 

.OR Gate (jl)^l^ 

. NOT Gate ( ^i ) oij, (V 

4_!_sL*i1 jl ^yJ^JI j-llCJI _ 4^j^-kJI jl ^ilj.^tl JjJl>- 4 j 2 La « 1 1 BjJsIjJI (j^j cj^li!' <3j-^' aIj^cIL-uL 



( ^Ufi ) luLfrl ^iiiihitl ubl>JI 






uLujj&ttl 



.^VU^VI . 



AND Gate ( j ^l^iS^- t ^TjVllb^l 

?-l ur-itla ( AND ) a_>I^j Jau 2j^=l3 7=-^=jj JjLSII ro-^j-M 





SI 


S2 


Lamp 




E!= 






c^~ 


© 











S2 


SI 


C Lu^II 


&** 


^ 


'•Cr^"^^ 


^ 


jlLa 


'•Cr^"^^ 


jlLa 


^ 


'•Cr^"^^ 


JjlLa 


jlLa 


'•Cr^" 



jl^l JjJl^J AisLiVL jrJ^jJLI cili ( AND ) IbljJ CT ikHI >jJI jr^ ^LUI J ^,1,11 







A 

B 


) Y 



5 criJ^jJLI dli ( AND ) oljj J^j - 



INPUT jijji 


OUTPUT ^1 


B 


A 


Y 













1 




1 







1 


1 





Y = ( 



( ^Ufi ) luLfrl ^iiiihitl ubl>JI 






uLujjiftVl 



: jii j^ x&jlsji dii ( AND ) iji^j j^j 



A 

Jij B 




1 — \T 


Q 


h 





■J^lj^ 43MiJI cil j (AND) y^j c-ji^uaJi Jjj^v <. ,-,^-,1 - i 



INPUTj^jJI 


OUTPUT^! 


C 


B 


A 


Y 



















1 







1 










1 


1 




1 










1 





1 




1 


1 







1 


1 


1 





Y = ( 



g / / IjSU ;(/ ltd, (f H j^, tip f - o 

) 



s ( AND ) oijj 4. ( 1 ) ^>ji o^^e c^ ^ 



( ^Ufi ) luLfrl ^iiiihitl ubl>JI 






uLujjiftVl 



OR Gate ( /\ ) oijj j^> : Ulttl o>*ui 

JlvIj (_^1 (3-lc Jiic 7-Lu^ai.l ^ (jr iiaJ (_3jj-uj ^pLail -a I JlJcTu-uL (OK.) jl ^>^ *>jl.3 (j-^-JJ (_yJLlH J"""" ifoJI 

. ( S2 jf SI ) JJ3LUI (>a 



t£=h 



Lamp 

C ^- g) 



S2 


S1 


^lu^tl 


^ 


^ 


y^ji 


^ 


JiLo 


^Cr*^ 3 


jiLa 


^ 


^Cr^-^ 


jiLa 


Jjli* 


^Cr^-* 



5 cr^jdl cili ( OR ) Juljj J^>j - > 



* — s 


-\ EJ ill 


JiJ 


V— Y 


B 1 


^ 



<5 tjl^uaJI JjJl^ <.,,-^l - Y 



INPUT 


OUTPUT 


B 


A 


Y 













1 




1 







1 


1 





Y = ( ) ^^jIj-^ulUU.,-,^1 - r 

Sl^.^.-ujlj jrdi-jd,! <— ili ( OR ) ^jI^j aIjujcILjiL Ji-ljua Aj^li!! tiili (OR) ijl^j J-^j ^o-° 



( ^Ufi ) luLfrl ^iiiihitl ubl>JI 






uLujjiftVl 



S ( OR ) 0I3J 4j?U;tl ibUllj ^l^uaJI JjJcv ,.,-,^l 



INPUT j^jji 


OUTPUT £>ji 


C 


B 


A 


Y 



































































Y = ( ) : ^^jJIj^ulI]! 

5 ( OR ) JuIjj 4. ( 1 ) ^ jr>JI o^^e c^ y lh 



( <^L«£ ) 2uwU'?l ^iiiihitl ubl>JI 






uLJjj&ttl 



NOT Gate ( ^ui ) fcijj JjS-vV : £0 o>*ui 



^t ULLaC SI )^tmi jl^» lii ^i^o ( NOT ) < ^ji ^i^JLu^-^tyi i^ijJiQjijj^JLiii j^,t,ti 

f- u i>>l ( ) J^JlJI Jl^jv (if Lvjlija (SI) 7-Llail (j^=xJ LaJtlcj r-L^ail ^'^jV ( 5V ) Ji. jJl Jl£». 




. tilli ^--tiajj (jr^Ll!' (Jj^ 1 ^' ' 



INPUT 


OUTPUT 


SI 


^-Lu^ai 


c ^ 


^^a^o 


jiLa 


^^ 



. j^xAJb ^^=jii NOT GATE ( ^i ) 2bl# J^j - > 



A <* 


\>^Y 





( ^Ufi ) luLfrl ^iiiihitl ubl>JI 






uLujjiftVl 



Y = ( 



. NOT GATE ( l ^)l ) sj^j j^i J^j. 



INPUT j^i 


OUTPUT ^i 


A 


Y 







1 





) . NOT GATE ( CT AUI ) ^\^1 a : aU:t l yjUll v -,^ 



. 4_l!Li!I 4 j a t-i ; 1, 1 Bj^ljJI J-^aj ~ ^<_>u 




. ( NOT ) 4_,i^j iiL^Ji jjj^v ,. ,-,^ i 



J»JJI 
INPUT 


OUTPUT 


A 


Y 







1 





Y= ( ). jrjJtU s : aU;tl ijjUll «.m^I 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



3- 



*> 



( ^U& )3bL*2) uLijjtftl 



( Cr L^) ^pwVUj^UUI cjU^JI 










uLujj&ttl 



. ( AND & OR & NOT ) ju^l-Vi ^li^ji <> jli: ^i ^ 
. NAND GATE (j ^ ) vbr ^jVlo^l 

: (_yJbJi Ji=xA!L %_j3j-o _$_& La= ( NOT ) ^jI^j *-a ( AND ) ^jI^j {jja jj^^>"" <jI_jjJI juk 



jiiii 




A.B 




Y = A.B 



II 



jmi 




A.B 



J^~ i lu-lu Tcjisj-a jjk I ^*—~ ■ ( JN AINU ) j cj-^- 1 ^3^ u- us 3 ~ ^ 
( NAND ) aj!^ ^ij^Ji Jjj^v ,.,-,^,i - y 



A 

B 








A.B 





INPUT J^jJI 


OUTPUT £>ji 


B 


A 


Y 













1 




1 







1 


1 





Y = ( 



( NAND) aJ^j ircUiU ibUJtl <.r.^l 









uLujjiftVl 



: 4_t!Li!1 4-Lalalt,l BjjIjJI J-^aj _ 1 




-jlj^l JjO. 



INPUT J^jJI 


OUTPUT ^\ 


B 


A 


L1=F 


L2 = Y 















1 






1 









1 


1 







- : jrjJtU 4j?U;tl iJjUll yV^I - 1 
Y = ( ) 

S ^Jb La 4_j_<_uL-u? 4j,7>l*i'<a AjI^J ^al^-ij ( L2 = Y ) fij^ljJI 7rj^- }(_yj 

<j!^j ^21j=lj ( L2 ) 









uLujj&ttl 



: ^QjI (J^~i i"i'u Tc-tisj-a j-& L 



. NOR GATE (jt ^55 ) ol^j : Juiiail ^^Ul 
( NOT ) <j!^j *-« ( OR ) ajI^j <>« jj^-i"" <j'^j-!I ^> J^* 



A- 

B- 


X 


.A + B 




\ Y = A + B 

\> EJ U 


/ 


II 




B— 


X> 


EljiJI 


Y= A+B 



.(Ji=xAJL jc-Jsj-a j_& I o^-i ( NOK. ) j I (jrOJ 4-j'^J (J-*^J _ ^ 





\ E-*« 


JO Y = A + B 



. ( NAND ) U±A ^Ij^ji Jjjl 



INPUT J^jJI 


OUTPUT £>ji 


B 


A 


Y 













1 




1 







1 


1 





Y = ( 









uLujjiftVl 



ul^jJI (J-*^J ~~ 1 




IJi^ 



INPUT J^jJI 


OUTPUT £>ji 


B 


A 


L1=F 


L2 = Y 















1 






1 









1 


1 







Y = ( ) : jr>dJ 4j?U;tl iJjUll c 

<5 ( L2 =Y ) 2^1 jJI jrj^j ( LI ) ^L^=3 ^?U;tl ciLI^JI <> ^? - ^ 

- : JuIjj ^L^3 ( L2 ) 









uLujj&ttl 



: ( EXOR ) 



I ajIjJ! :&0 o>*2ll 



(jl ^^P" jLtiVI i*^^ Vl^ ^L^"" OjJt ^jC 



i3 ( XOR ) sjj-iUI jl ijljj jr^ ^LU! J^lAJI 

. <j}L^ jJI Jili V LsJiic ( 1 ) (j_5^=LJ Ky*l\ 



3D^ 



Y =A0B 



[XOR ] 



a^U.] J^lAJL o^ll ( XOR ) ajI^j J^>j - 1 



INPUT J^ijdi 


UOTPUT g^Jii 


A 


B 


A©B 













1 




1 







1 


1 





Y = ( 



: r-jiti! ^yJ^-J I j-llCl! I 



ui «. ,-i^i - r 









uLujj&ttl 



: (XNOR) 



ol^Jlj ^uuljJI ^J^l 







o^u\ J^lAJL o^=jii ( XNOR ) oijj J^j - i 



INPUT J^ijdi 


UOTPUT ^x\ 


A 


B 


A©1 













1 




1 







1 


1 





: T^iti! (jjJ^jJ I j-llCl! I 



Y = ( 




^ 1g <n ll L-JJjJj]| j t5 iail -^jU'lU 4_dlaJl 4joiujj^]| 



>J 



( <jU£ )Xl«2> uLijjtftl 



(^Ur) ^LtllJ! c-j! M<^fl 



9 



I 



4 










uLujj&ttl 



: Half Adder ( H.A ) C7 i^ui ^UJI zJjVl o^aii 







1 


A 

B 


A E 

B Co 


** 




U 




(H.A) 





i^= ^ ( C ) ^>ji ^ ^LJlj ^^ii ^f ( SUM ) ui^ <> ( S ) ^>ji ^ j^^ 

. ( Carry ) 
. ( XOR + AND ) j^\^ p\ jJzi^L u «,r,',\\ £_aL>ji s^sb j^j ^ 



Air v 


) #C 






) 




1 


R . 















uLijjiftVl 



: <— )lj)<rMI <JjJ^>- t 



^>UjJLI 


^U-^JU 


A 


B 


( S ) ^^Jti 


( C ) j^ii 















1 






1 









1 


1 







:g-j-»>JLI 4jjiLst_<5 c 



: J^jil 4^Ll* ,.,'.^1 - 1 









uLujj&ttl 



Half Subtract H.S 



I ^UaJlttuliJI 0^*211 



> J J! 



A 

B 


A 
B 


D 

B 


GE) 





4_Jl^3 (3-a B 4_iU- 4- ^L-^' jsjljlJI i-^ ^-Js^ia tjLci-mVi ^^Ju^- 1-- ' '<3j-^ " Difference 4 i^ ^ 
oy+l\ jl jo^jsll 4_Lm.^ji jjj^v j>l^ j^o CT i_^ui ^-jLLJi spb ..-,„„ u» j^j " jbu-oJil " Borrow 

■ Ja^ jtujI <jj-SJl*J 4_jjI_£l!1 r-jiaJI CjLJUaJ 

. ( NOT + XOR + AND ) ^Li^ ^ I jJzi^L u «,r,',\\ ^L>ji s^sb j^j gj^j 
- : ^bJ! J^lAJI 2_ o^^ll CT A^UI ^-jLLJI s^Sb J^j - ) - t 










uLujj&ttl 



: <— ilji^ll (JjJls- l-xH^jI 



c^UjJLI 


cnu.jjai 


4_La T-jj-Lall 

A 


B 


(D) 


(B) 















1 






1 









1 


1 







tjjj^il 5J-iL«^3 t_t^^=1 - "I 



.jUl^VI ^Lua«.M^I - i 









uLujj&ttl 



( Digital Comparator ) c^jJl a>uii :«SO ^?^l 
. ( A=B & A>B & B > A ) (j^jlaU ^jLcoUI 5JU.j1 ^jJu^ij! <> 



:>J Jl 



r^~ i 










L ,-ijil oj^JI 






LU 

1 — 1 




X= ( A =B ) 




V - < A ■- B > 




|_hJ 


Z- <A>D) 

















: Jj=lA!L otxijll (jjLHI fij^lji J-^aj " ^ 








uLujjiftVl 



: (jr cJ2jJI (jjl rtfllt (— itj-LaaJI <JjJ^>- '/"^l 



B 


A 


X 


Y 


Z 


A = B 


A<B 


A>B 

















1 








1 











1 


1 









'SX SJjiLsuo Jl>-J? - \f_yj 



SY 4_!.}LsLXl Jl>-jI - \ L yJ 



*?Z iJjLs-o J^j? - Tjjjj 









uLujjiftVl 



jiiLHi ^jprzxJVi j^iaJI 3A ciLiLuii CT 2ii a jLo^i g^u^j < (AND , OR , NOT) 2^u-.„ 
2 - TO - 1 Multiplexes ^1 <> j^lj oULJI ^ar^ - ? 

(_, (7 La i 1, 1 j-aj-!' 






ijLJil diLLiJl 



2 - TO - 1 
MUL . 



HZ] 



i^jUll d,LjLJl 



ijLjLjjIil ,Ll!ijJ t-Ijojj 



'J"'"*' "'N-J OcjJsjJLI (JIjLJLlJI ^ eu 'i a 2j^l-i (J-*^J _ ^ 




(j^Jjl jjjs JlvIj diLJLj (_, eu '< 1, (— )lj i .Ml (JjJ^- t 



s 


F 







1 











uLujjiftVl 



4 - To - 1 Multiplexes ijujl &* a^lj olJLJI c 



Iiput 



*[0 

1 4k 1 

3 MUX Y 

SO SI 



Ou^iut 



• J^"~ i ■"■" ' 4_sloJ3jJLI iIjLJLljJI ^ SH La 2jjI.S (J-*^J _ V 



L, _, . 


Ii 




r =LJ ' — 1 


h 










h 








— o ■ n^ 

1 — "S 




^ 




■ 


h=D ' 


^ 






. 









.4_*jjl (j^J Juvlj dsLJLljJI ( _ y 2ILLI ' -)lj LaaJI (JjJi^- <- 



Si 


So 


Y 













1 




1 







1 


1 











uLujjiftVl 



Demultipexes uLJLull £)>« t 4**«L& I 2bj*ZJI 



1 - TO - 2 Multiplexes j^jj! JJ jl^Ij oliLu ^a - 



> J Jl 




• < J l£ ~~ ' u^\ i OcjJajJ,! dsLJLijJI pjj-a 2>J->'-S (J- us 3 ~ 




IiJ\Jl1\ fjja Jl^Ij cIsLJLlJI pjj-l 4 r7j(7-»JI <JjJl». t 



s 


Do 


Di 









1 













uLujjiftVl 



1 - TO - 4 Multiplexes ;bujl J J j^ij ^L>Lu ^j^ - ^ 



^^ 










1X4 

1 TO 4 

Efem. 




Do 
Di 
Dj 
D 3 




1 1 




| s, Sl | 













• J^— iSJL ocjJsjII diLJLjJI f-jj-o 2j^Ij J-^3j ~ ^ 



E , , 


*E\> 

.Di 

* Dj 

* Dj 


3n » 4 






1 / 






i 


■ 


1 "^ 

— i — v 


^ 








— 1 > 


^ 


> 









.SjljjI ,jj3 JlvIj tljuLijJI pjj-l 



Ji^ 



So 


Si 


Do 


D: 


D 2 


D 3 



















1 










1 













1 


1 














i y AND Gate ( j ) oijj j^J : J jVi ^j^ui 

\ t OR Gate ( 3 \ ) kijj j^j : u>\hi\ ^j^ui 

i i NOT Gate ( ^i ) u^ ^2^1 ■. aiiiii ^j^ui 

U i£P*^l ^ikill ^LI^JI : XillSlI Zjlv^I 

u NANDGATE ( J( ^)^l^- rjjVliu^l 

Y« . NOR GATE (jl le z)< i \# ■. ^liii ^j^ui 

YY ( EXOR ) s : aU;tl ^I^JI jiiJlill ^j^UI 

YY ( XNOR ) *rcU'A\ 0I3JI:, ^uljJI ^j^UI 

Y£ ^iJiJI ^Lco^JI : ^uljJI 2jL*.yi 

Yi Half Adder ( H.A ) CT i J ^ui ^uji : jjVi ^j^ui 

yi Half Subtract "H.S" u «^;\\ ^UaikJLuiiii ^j^ui 

ya ( igital ComparatoD^jJi jjLsii : aiiij| ^.j^ui 

V* <— iLJLlJI u ?"'iti :ajuIjJI <jj-aLl!l 

yy Demultipexes ciULJi q$a :Lc^i_kJi ^j^ui 



Jss*. 



& 



^ 1g a \\ L-JJjJj]| j t5 iail -^jU'lU 4_dlaJl Ajoiuij^il 



>J 



4jwS)ULuj>S)I 



2 j s U ; 1 1 j^ljjjj -Uj, 








Jiu: Karnaugh maps^-a^jl^ Jji j^- jpa J£? jf Ji*i jl* ^ujf <> jj^m ^1 JSUJII J^f ^j 

.jjljjJI oJui i-^a-t-i ■■;"' ^_ ^ j S La LI I jjIjJiJI I j -: -: ""■ a Lg-ajLJeTn-uj 2 JijJlC Jjj-k (J-*- 4 ^ 3 2Jl».Ij i_£3-<-u '— '-'-"^ Ct-*J 







uLJjj&ttl 



: (JT ji ^ LajJaJelul (_3jjjL=j («-<-" j a! JlJcIu-uIj ^ S La LI I j_i_lCJI i-La-j-i hjj ^_ 4_<-l"lI I < - ' I j La ■■- 1 1 (jl 
(JjJlJv (j_a (— )j LeaJI (j-t^ljjv pj_<^>ii (^yjj-jjl j-ll-CJ I T^ljir" i nl (_ 7 -4 (_3j-ljL=3 J*-"" J ^-IJ-L^"^ ^- (Jj 2 jiaj>J I 
Y .}j_c£. I§_ < 1 > (J-=J (j^ 'k ">-^LJj — "I ) Ji=L-<i 2_ I o^-i lUjmjtl 4 ^j^-kJI JjJl>. jli-tilj .<_jljjuaJI 
J i^t'vrt cllLc.j^>J,l 0-LjJ (_, ULaJtll *_<^>JI i_£j^>«j a3.1 jrtt-tia Lc^jj_lo *ulj (ju^-tCLa ^Icb 4 r?jr?-»JI <JjJ^ £ys 



• ( 



j-tC.j-t-i.CJ I j-Aj-txCJI I JLAj-LL<jg ) <_jj_tiaJI J^al^jv S-^aj>J, ^yJ^J I j-l.lCJ I (jyic tiJJjb 



. ( (-.i-luLlII x-jjJLI) (jr La-LLaielJI (_3^JjL=j r<U-uj ^yle. < 1 > JuL»-^]l f-J^JJ (jr A 4_iJLiJI 2 j La a* ? 
■Cj^jJta (_)=3 ^- JuLv^JI _SJlC jj^~- J (J? (jyic. BjjLa^lLI JuLv^JI dsLcj^ta 4_LaLv| (jr 4 iiJLiJI 2 j La >■ 1 



j-lClU I JlA ^jLa I A , A J ^lli-o ,*^J^~ j 4_cjj^>JJ (j-"-a-> ^- Ijiv" *-<J *-23 (_jjJI <— i Ij-lClU i_3Juv 4jljIjJI 2 jiaj>J I 

.( ) — 1 ) Ji=xA!l 2_ tiJJi 7r i >>"n I o^-i «L2 juv *uu 
(jyjL^-Jlj i La i ■■ jJ I (^j-JI j-LiCJI LIjJJ ??-^-y liAJjuj LuiLa-La 4 jS .**■ 1 1 (JU Ij-lClU *-«^>- (JT ji 4_<_tL<5L>JI c jiaj>J I 

^lOJ*"' 1 ' 3^Ji^=J ^UjUV'tl p mjj| ■*!. iV).,,! (\- ~\ } J^-. ,*;, 



cz^Uoil 


^ 


A B 


Y 




1 

1 

1 1 



1 
1 
1 



▼ t 

A-5 + A-5 + A-5 =Y 



B 


B 










1 








1 


1 










4 







A + B = Y 







uLujjiftVl 





5 


B 


A 


1 


1 


A 


1 






B 


B 


A 


I 4 


D 


A 


^ 





:4_iJLl!l t_a^JjL=j <ilajj 



:1 Jllo 



=► A ■ B 





5 


B 


A 





1 


A 


1 






:4_iJLl!l i_a^jjl_=j A-Lajj 



:Y Jlla 



A-5 + A-5 = Y 







uLujjiftVl 






c 


A 






A 




A 







1 


3 


2 


c 


4 


5 


7 


6 






5 






B 



SS-tami 2 JUk .UjinTit l^^JjL=j 4-LaJ>»- AJiiel^l (<u r>>J! 4_!-SLslxi (."i^l (^bJI (— )lj)<^itl JjJ^>J : ^ JLla 



Ji-JJI 


£J^I 


A 


B 


c 


Y 




















1 


1 





1 





1 





1 


1 


1 


1 











1 





1 


1 


1 


1 








1 


1 


1 


1 











1 






' 


"1 . 


' 



c 


A 


jlUI a-b-c+a-b-c 

A 


+AB <&\A-B-C+ 

A 


A-B-C= 


r 














1 












c 


1 


1 


1 


1 


<— 










' 


B 


' 


5 





























c 


A 


A 


A 












~4^~ 




c 


Q 


1 


1 


^b 


^i 




i 


3 


1 ~E 


r -- " 


A R 

1 1 



C l_3JLvl 



j^ulIJI C + A- B =Y 



AwJLJI 3d^$)l 






uLujj&ttl 



ULUI (_3aj>L^3 ilaj 



Y-a-i 



:T JH* 



c 


A 




A 




A 






' 1\ 






fi _ 




c 


^J 


— r^ 




i 






^r^ 


1 


? 




B v 





A+C-B=y 



:4_iJLl!l i_a^jjl_=j A-Lajj 



:Y Jlla 



c 


A 




A 


A 




1 




1 




c 


1 


1 


1 


1 






1 


? 


I 


i 



C 


A 


A 


A 






H 




h 






C c 


4^ 


1 


1 


r i — - 


> 




I 


? 


— ^ 1 


? ■ 





.-. C + AB + AB = Y 



S^J^mi l JUfc .U^..,. T.t l^^JjL=3 4_Lljijj>. AjLJeTo-ul j<u 7Tj^>J! aJ^Lsl^s l_xH=jI ^lUI <_jIjj^sJI <JjJu>J : £ JllLo 



J^JJI 


^ 


AlBl 


c 


Y 




1 

1 

1 
1 

1 1 
1 1 




1 



1 



1 



1 











1 


1 





1 


1 



ABC + ABD + ABC + ABC =Y 



3 



KS 



A- B + AC =Y ^ ,u,,„,-,ti juu iLsUii <j_^=3 



AwJLJI 3d^$)l 






uLujj&ttl 



A«jLJ1 aJb-^J! ^ jJjUj 



:<LJLl1I i_a^JjL^3 dajljS. (j-a 4 U, i ii j 1, 1 4_J_sL*-tl gTuTLi-ul : \^yj 



c 


A 




A 




A 












c 


1 






1 


c 


A 


I 


A 


B 

A 












c 


1 






1 


c 


A 


I 


A 


I 


A 












c 


1 






1 


c 


A 


I 




^ 


I 


A 












c 


1 






1 






I 


? 




I 


} 



Sjjt-S (»3-23 ^^p- ' <Ljji JjlII ^IjaL! SOgTu-u-a Jij>-i3 (jyic (J-«-*j diLLji=u<3 aj^LU ^j=l=»o Sj-il-i _ Y^ 
j-L^sl <* £j-i ^J* : ~*' a (J La »" Jiic j_ajvl y-L^aja B^LtisLj oJui p^~ ' "»-'*' ^ 

S<— >tj IrMI (JjJ^- g" "ll III _ ^ 

S^-Lflla-Lt,! dlLI^JI al JlJcILjiL LbJLLflJjj iUjiii Titl JjJ2 TTJ^x-JI 4_J_sL*^j ijLl^j - Y 
S3-LflIaJLtl djl_>l^_<JI a I JlJcTli-uLj LijLjjaJjj i_3j-ijL=j dajlj^>o 3 La i ■■ jJ I T^iJI 4_!.sL*j5 4jO=i ~~ V 






^ 1g a \\ L-JJjJj]| j ^jiill -^jW'lU 4_dlaJl Ajoiuij^il 



>J 



4jwS)uLuj>S)I 



.>L}UJ1 







S' FLOP- FLIP uL-j!^! 

e^L^= ^ij * Combinational Logic Circuits uzs\£ jmU;,^ >^-. j^, u^ ULll^j 

4_jjLl!l 4_CJ^>J,I ^-^IjJlj aj) r? ( mi (JJi-S-jJI 0Jl-& 2_J . 4_»_<-u L_u V I *.1_Ll!I ej J^~IJ 4 Xflla-Lll djL_>l^jJI I fl/^ J-Ii-CJ 

Zj-SI-i (_,_& I $j& IluL^I ^LljJI aj-i^jj j Zj^alj II 4_i_^L>o J-l<Cij (_y-!lj 4_lj1Ljl1!I 4 j 2 La '< 1 1 j^ljjJI (j^J 

< (FLIP - FLOP) M M2Jl 









uLujjiftVl 



:RSFLIP - FLOP R.S v >LiJ! 

Ji-J^aj "S" (1) SJL>JI 4 » .Xjtl J^ J a j| , „_.1I ^ U j^U J a <_)^ flU q] u fllalU j ajJI jrLj-jj (R S) 

(jLlcLlaJI j_^iisj tiiJ JlJj (j^i^Vi U ?U'<[\ ^jTi-i-u-IL jl La mimj^L^jJLIj R (0) 4_!L»J1 2_ x_JsjJI 

J ^J? ^ *I. rJ^ .' ^ n ' "JL3 ^<l ^J-^" 1 -^ ' Q' aLlLa (jl >.jjjeja c_)^ altj O.rv (j*As>* JlJLI Jl_Lc (j Ljj_Li_<^aJ I 

. (jt julA^}\ r-jJcl! ^ -c T l I I £J-i<-JI >*i ^C Kj-*^^3 ' *- i '- c - , 



11. 



R.S ^M^U CT ikHl >jJl p- i) L 
^jrpjlj-j ,j_<5 R.o <_j^LJa (J-i_i^3jj (Y - 1) J^-i M<tl ltj-j-jj 4 ji?Uit,l <jijLjI^jJI (j—a R.o <_j^LJa *.!_ b ^ ^-i <n 
< t5>*Vl Jul^Jl Ji-j^ J\ NAND ^l^ ^jl^i ^-jj^ <>* ij3jl\ ^JLiUi ^L^ J^ v NAND 

. <_j^LaJI (J-l^-iTuj AjJlx^s P _ 1) <— )tj-t^aJI (JjJ^- L^Vdi 



(J-L^-iruTu 1 *-*-i=j 


cj^UjlII 


^U->JLI 


S 


R 


Q 


Q 


^ 








l 


l 


1 iJUJI^^yi 





1 


l 





^uji^_^yi 


1 








l 


^L^I 


1 


1 


j_JuV 



S»-o- 



^ 



* Q 




R.Sc-jM^Jc-jIj^ji jjj^(^- ^) jjjL^NANDcjLi^^ijLiei^Lji^jiJKY- i) J^ ,t, 









uLujj&ttl 



: FLOPS TRIGGERING -FLIP oL>U]l t as 

oJl-& J-4*3 ^J 4_>La 4_JjJlj (^JlJIj 4-'-^=i (CLOCK (>aljJ5 Ji-J^a ) r-jJa Ji*JLa Jl rLbtJ L^JLs ilaljJill 

4 ,\ii *LLnl joi Vjf J^jJI cjljLil *LL^| ilalj^i! ^L>l2JI J^i3 jj^ <_^ jlSjl < U*\y&\ ^LM2JI 

. rjJ»J I j-lIuj 4_!L»J| t>J-& Jiic 7-Jl2JI Ji-JL^s ^yic ( (j-aljj) 7-Ju2 



3j_^j .Sj_*J <u 4_Ll* 



cj-A Jij_«_l f>_> 4 



i 3p-aJ ) Jl J * i /*T) 7-JlaJI JlIcj (U) L^Ibl Jlj (jj)^~i" 4 i^iiill &jjb : 4_L>.j^a 4 >ia^j 

.or- Dj^i. (0) ji O)^^! 

3 ZjIlaI (U) Jl i La i g~) ?-Jl2JI Jiicj ) L^jjlju {JJ)<--~i~ 4 >ia i'i\\ ojuij : 4_l!Lji 4 ihii') 



aJLoi 3JU <ja. j-« 5JU 



t t 

4_l>-J^3 4 L^j (V- 1) J^-l Ml 







4^JL^4L^(£- l)J^i 

: iJLaljlXI ob>L2JI 7-JtB (J^L 
: ^^Ls (^j t-JlUI (JjJa 4- f_b^ ^juj' <-^Ll*j ' >>*^ <— i}LJa (j-a L^ jl Jjj-k 4_ cjL>L2JI l 

. (0- 1) J^~ i ra ■ <^>->a 4^L»o 7-JlS 4 l^oJ . ^ 

. ("I- 1) J^> ^ 4 J| ,„ IaL>o y-jLa 4 ,^/. .Y 

. (V- 1) J^ Ml 4_L>-jII 4 L^LxlJI (^J^U r Jl^ 4 L^Llj .V 

. (A - 1) J^— ■"■■ 4_JLi.iJI 4 , ^ wtl ( j ) ± > jju ?"J^ 4 ,>.,'> . t 



CK 



CK 



•CK 



(A- DJ^i 



(V- DJ^ui (1- DJ^i (o- l)J^i 









uLujj&ttl 



SYNCHRONOUS R.S FLIP -FLOP <j^l>ai R.S^>UII 

(Jj CuSjJ J I (j-^'j-^ <— il <>iiil La2j (J-4-*^ ^ j^ ' AjLoIjJLo j_i£. 4_=>oj_<i (j^i BjLui (jt jjiLji^?I R.S <_J^LJ2 (jl 
jjljjJI (_p-o LaLcJ (JLsJI 4- 4-Laj "■ " ajj ^ *j; Pv^**^' O^ (S (J^*-'-*-^ cP- ' (_r^"^- <3 ' J '*" " (*-y LoJLJLc 

R.S <_j}LJ2 J-a-suj R.S diL^Ll! 4_aL& «Ula1j3 4_L^aLiw £ysljHl,l R.S <_j}LJ2 < flj'^j « S-lS^IjIII 4 j ? U ', [ I 
J d 13 R.S <_j}L2J (j a La LI I j-ojJI C\ _ "I) J^"~ i '"^ L^Vi9 ' L^-LU^Jv C<-l3jj jj (j_alj3 '"" <>» yt Lii2j 

v :u. j| < ( ;ulji 4. ^y 1 j^j^ ) R < ( 1 ^juji 4. ^y 1 ji. j^ ) S jL^z^Lbjji j^Ujji 

TTj^-JI Ja^o 4la-LAjj Jiic jjkj PR (jlj^ mLL-uVI <j}L>*JlU tiiJ Jl^jj < CK 4-L^»^l o^tj^t J^*^ 

j^ojJI ^yj .U^.\l'.j < LOW »jjt^tl ^jJkJI Ja^>o 4-La.iAlj Jiic j^ij C Ji. jJtlj < HIGH ^yJt^txLaJI 

iUjm.m Jiic I jj (j^-Lolj^aj^. <j}liwj_<a U-&J LOW <JJ>La (j-c *uu (C,PR) (j^l^jJLl lLj-jAJj jl u ?U'i[\ 

(jj ^=lj J^Juil!! AjjJj? jjLa cuSjJI » aJ 4- (C.PR) iLaljuXI j-jA J^IjlLI Ju»4j (R.S)4_L<slJll.l J^IjlLI 

J^ljJ,! (jja^jSl (4j^i nlL-uVI) ilo I JjJL I jjlL JiJjJtl <j? JjiJ j^ U^QJ '^ 4_Lol>iU j_t£ J^IjlaI! 

jrjjai ) Q < ( ^tnMl jrjjai ) Q (jbbU! (jL^yU! >j <> j^ U^ ( ^u^^LbjJI ) iialpJJ 

(— ilj^aJI JjJl>-j < NAND CjLIjj aI Jiiel^L) (j^olj^Jll R.S <_i}LJ3 J-l^jj 7=-^jJ J^ -■ < ( fS-aill 



,LkJl 




<JUJl ^ A-^ajll Ji.Xa 

<>ljHlR.S t _ J M2U CT 2kHl> J jr('\- 1) J^-. A 

s 



(J-ia-iuTij 1 ^->^>^ 


c^UjJLI 


cuL^U! 


CK 


S 


R 


Q 


Q 


i£lLuuti\ 


_^ 








^3^ 


ijuji j_^j 


_^ 





1 





1 


1 4JU»JI J-^=J 


_i~~l 


1 





l 





^L^JI 


_^ 


1 


1 


l 


1 




(>lj^ilR.S ^MiiiNAND ^Lijj^ijLiti^L J^jUIO- Dj^ui 
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: J.K FLIP - FLOP J.K V >UJ! 

A-JLv CtJ 12 < (^-aljlll J.K t_j>L2JI 4- J^k-tJll x_^yi ^^JLc t-JLiTtU <_1>L2JI lJUk ^-»^a Jilj < (Q) *_c2l1 

^Jsjji^ TOGGLE JjJljj «_Jsj 4_ J.K <_i^Ll!l (j^=ij 1,1 sU;t I - ,Xjtl > J.K (j^Jb^jdl i-L-nl-u 

< 4ij;,Vn ^Lkji ^i^i Jjj^j < NAND ^u^> ^ ijuii^b J.K ^yi J^>3 or- "0 j^^ti 

(1) rj^>JI J*^ ^ t-i j mi m (_£Jl!I PR Ji>-JL^ JiuJ J.K <_i^l2i! 4_LaljJLaj_i£. JiJjLa 4_2L^I <JJ=l^j La=j 
I^jJS? ( 4j^-i nLLmVI) ilolj^Jll jjlL J^ljill j_<1*j i±^p* (0) ^>5JI J*^ ^i'''"' J^- 15^' CLR Ji-J^JJ 




J.Kc-jM2U ?U;1I>jJI (U- 1) J^.t, 



(J-l^-iTuTl! 1 *-*-i=j 


c^UjJLI 


cA^dl 


C 
K 


S 


R 


Q 




^L—yi 


_^ 








^* 


5JL>J1 j-^j 


_^ 





1 





l 


1 aJUkJI *-^j 




1 





l 





j-k^l 




1 


1 


i....^-.ti iti^n 






J.K c_jM2J NAND cjU^^ijiiei^LJi^jUlOY- l)J^=ui 
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D FLIP - FLOP : D ^>UII 



< (D) ^bbJJ jl^Ij J^jl* j^j J^}L£ < (D) ^SLSJI ^^ikUt >jJ! OT- 1) J^ ,t,tl ^jj 
jtjJkj! ^j^] J^jJI cubLu jV (DELAY) j^bJl c_j>Li. .iiJJL^ c^^^j (CK) <>ij^i J^j^j 

< Oo- 1) J^a liin ut^j U^ R Jijdl ^ NOT oljj ^Lxib RS cj^LsII ^ D cj^LsII *Lb 

J^z^i liUi jr^J U^= k Ji* jJLI ^ NOT 4J3J J&Lib J.K ^^UJI (> D V >UJI *l_b g^u^ lii] Jl^= 

^j^ica3 . c^\y&\ J.K j R.S ^Ma t> ^b^ ^Jbv D m >uji jLoci ^ «j ^L! juj «(n- i) 

< ( ^bLu t_j>U ) bl_p4 <ubi Jllaj <bla J ju^L-uVI I j^l Ij-bJj < ^bbJI ^jj-^ 4- Ip-^ 1 D cjbMa 

£ ^J-Ilj PR bukj D i_j}L2J1 u^l£. ( 4j^ jjLL-uI ) 4_Lalj^a j_i£. JiJ JLo labial (j^flj iil!,l=j 

• (0) t^jb-uj ?rj^>JI J-*-^ 4-b->-iSuj JlIc ^ JJI (CLR) j ( 1 ) ^jbuj ?rj^>JI J-*-^ 



)xl jl!l dll i iaAJ (Ji. 




iLkJl 



(D) ^>UiJ CT ikni >jji or- i)j£=^ 



D.FLIP - FLOP 


CK 


D 


Q 


Q 


<_ l^baJI >*-^aj 


_^ 








1 


(0) iJUJi ^_ ^j 


_^ 


1 


1 





(l)5Jb»JI^_ t ^j 



(D) ^Milj ^1^1 JjJ^(Y" 1)JjjL 





<_iila J^>Ji P ^-^) <-J^ 
J.K 

D l_l!ila£ (_b*^ (j-oljlall 



R.S 
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: T FLIP - FLOP T V M2JI 

(T) Jl^-Ij Ji. j^-a -s>^-j iPs-w^LLa i (T) (_ >^ all g^LJoJI <_, ?U'<[\ J-^j-JI ( W- 1) J^ m. ?=-^_$j 

jJ_^> T Ji^jJI jj ^3J LjJl_ul2 "J.K" <_j>L2JI (^-a IlsU. 4_!U- (T) <— 1>LSJI j-luuj t (CK) (j-olj^JI J^Jlxij 

(3_^l^j liUj ^=3 < -i-iplt fUotlLaj^uu j_&j Ji^-^' i_j}Laj T i_j}L2J1 I jui> ^y^-mj til! jj TOGGLE JjJljj 
1 J.K u>U j> T cj^Lfl *l_b 4_m^ jjijj (>A- 1) J^lAJI . CLP , PR ilalj^j^ JiJjbs ^Lj=l 

. (— )tj-LaJI (JjJ^- TC-t-SJJ *\ _ 1) J^~> Mlllj 




Tc-»M2U u ^U;tl>jJl (W- DJ^i 



T - 


| 


J 

CK 
K 


Q . 

Q" 


(jxl jSJl dlLjafJ <J^.A« 









CK 


D 


Q 


Q 


-^ 





j^^ 


_^ 


1 


Je^ 



T <^>l2^3 J^jlaJ K t_j>l2 Jj^sjj ( ^ A- 1) J^ mi 



c-iIjj^JI Jjjcv (U- DJ^i 









uLujj&ttl 



: L$J ( _^sL>JI <_)ljjuall (JjJ^-J 4-LaljJlil <J^b}lJii] 4jrtU*ftl jjjOjJI *jlojj (j^a^Lo 



(a)RS 




(c)D 

JK Flip -Flop 



J 


K 


Q(t-i) 








Q(t) 


No change 





1 





Reset 


1 





l 


Set 


1 


1 


Q'(t) 


Complement 





-J Q 




K "Q 




(b) J.K 




T Q 




K Q~ 



(d)T 
RS Flip -Flop 



s 


R 


Q(t+1) 








Q(t) 


No change 





1 





Reset 


1 





l 


Set 


1 


1 


? 


Unpredictable 



D Flip - Flop 



T Flip - Flop 



D 


Q(t+1) 








No 
change 


1 


1 


Set 



T 


Q(t+1) 





Q(t) 


No change 


1 


Q'(t) 


Complement 
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fatlmtl dJb-^JI 49k JJjUj 



: JjVl JI>uJI 



£_* JjJ^JL. 2LLUI RS ^VUl^V £%H1 £>J1 ..,-i^l J^lAJL ^^il <>ljlll R.S ^^UJJ - I 



(_)-L<-i.U-lI 1 ^JU2A 

Mode Operation 


I/P 


O/P 


C 
K 


S 


R 


Q 


Q 




t 


1 











t 





1 








t 














t 


1 











t 














t 


1 











t 





1 








t 


1 


1 








RS-F.F 



<$ Jul jul I 4. Q=LOW oh "^LL^iL^ J^jJI cljLil ^j^, RS-F.F ^^UU ^jll jtjJkJ! jjl 



cK^r^_r^^"^ 






s 

► CK 

R 


Q 

~Q 




1 1 


r r 









<$ -.LLaJLL^ J^jjJ Ju^Jtl Jl^uiVl euL^= lit JiLJI JULudl J^ jlc? - £ 
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^.jrjJJijrtj^j^J! b^^a . (b) < (a) c ,l^n. i ;.4- U*U R.S-F.F c_j>l2JI ^jJJ ct^^ 1 J^ "<N - ijL ^ 

S SET 3JU* £yj I Jl_u t_!>l2JI J? C^J-^i ' ^^ J=> 




S Q 

•CK 
R Q~ 



(a) 



j^jj ^ JjJl^JL) xlU.tl D cjVLCo.V j-ajlLI £>>JI ^"^1 J^lAJL ^.cijil <>ol>dl D <_>}Lfli] — ? 



I/p 






AJLaljI 


-j^ 


4JLo!jIL/s 


O/F 


Present 


Clear 


CLK 


D 


Q 


Q' 





1 


X 


X 






1 





X 


X 






1 


1 


t 









1 


1 


t 


1 







(jfj t_4--v^a (J^LLaVlj SLtaJtl,b= JS*Jl!1 CjljLit c^-J-^ D-F.F i_j}L2J1 rj^S cr^i^' J^xAII .iJuv — <_i 

5 LOW iJU ^a Ijuj t-jMiJi 



S 3LLa-*!L=j J^jJI cjljLil ji o^j^ ^jL-oJ! aJL^JLI J*, jlcl? — ^ 
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5 LOW <JU ^ Ijuj ^^UJIj 



cK^^r^rx_^^^^ — 


s 

► CK 

R 


Q 

"0" 






R 1 1 





<5 i_JL^ JjMLVI jf o^j^ ajJIjJI i^^XI JL^^i>U iL>UJ1 JJLJtl J^ jl^i _ c_j 




J? ^j^Lj < t~. + tl t_j>L2i! 4_l!Li!I J^jJI cjljLit c 




F.F-J.K 

lit Q rjjeil (j^jX! Ji=xA!l jjuv — ^ 

9^jLJt^Q=LOW 



°>CK 

K 



CLR 

"T" 



yLJI J!>«J! 



S iialpJJ ^LM^JI 2_ (CLR-PR) urtioljnil jjJl o^j1\ '*Juk 3 j^=i! - £ 
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S^lj^ll R.S ^M^Jl^D^Ma .> 

<3 J.K ^y^}\ <> D ^Ma .Y 

s J.K ^^uji <> T ^Ma .r 





i La "■ " (.Z) rC^J rv. o <_j^LSJI L^-^u .. 



(i) 



(2) 

(3d>^ (J-* 1 < L^'^- a 







^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



4jwS)uLuj>S)I 



iljuJI 







COUNTERS uWJUd! 

" o^jUi " <jL^= Uj < jl^i WajJi ^jprzxJi ji j^ijjJi j> COUNTERS ^i^IjulJI j^lu 

: 4_JLl!l 5-oLjJl (j^M -r-i-WI ^cljJI ci>bljL*JLtj . ajSUiLI 4j3U(U j^IjjJI 

Size f^»JI 

^yic xuuolSj — Aj^j-gg. Cj-lu jl) 4_^|_Li]| 4.Lu^aJL jj ( 10 Cy k. xuuolSj) BCD 4t u,-n 4-bit^jl jl JuJI ^13 

II Tg-cte-^ JJlc ^yic C-g-.-ijl c2j1j>1Jlc lLJLlA jl Lc^j 24- bit <_Jl Ji<-V» Ljsl3.j_l^iI Cjbljlc lLSLLAj ( 16 

.J3LT (>Jj-a t^c Jj^sJJ ( ilal^pXI £ljiVl liUi 2_ ^ ) 4^^' cr^ ^1-Slj^l J^»J USb I ii^-i fljj 

Clocking ^LcoJi 
. synchronous Ha\jZa .j ripple i^a* cibiac L^^= j^=jj cibiji*]! ^ jul^i ^jj^Ji <> 

J== 7-JLfl ((UJ 4j>.j^lil dlbl Jl*J1 £_ Lq-Lu 4jj_^u <J_jL}LL!1 *-J-<jJV ?"Jl<L 4_c.L-i.l1 I f.^23 4_La|j__l,| <_l)bl Jl»JI I§_J 

j_P-Lj (jLajf p_=1j3 ^-i-^-i *um\yjl\ <-_ibl Jl»JI <j_a LLij? 4_>.j_<__JJ <__ibl Jl»J1j .5JLL__JI SJL>.jJ,l rj^j H>~j-a 

4_Lalj_ll > l <_l)bl JlsJI La? . I gxj-mjj 4_dLa__. (J-i^-loTJ 3-LajLJI 4__|_xJL 4_vg-tt..U <_l)bl JlsJI ?"J^ fM£i -jl (Vi'iVI 

■ fljLg.1 i^,]\ 4.3 UJL y-J___"__ 

UP/ Down ^jUUi / ^j^iL^ui julJI 

3-.' '.' ^i L ^"- i t*-"i5 -Lr^"^' ^r (*-=»-'--->' «jL<il £JJ-2-> L»j--<->. l ^-*Lj>-''2 L JlsJI <_l)bl JlsJI (j^aJLJ » jiaj 1 ■■"' 

j-i^lj t^jLg.1 i^-i'tl jl»U U_&jL^f 4_cL_, (j^Jus aI jiiel^L j! < Jl*J1 oUol j>-uJ U/D J^jJLI __1c SjLil 

.^jL-UI juJJ 

Load and clear jm.^-.tij J^-Ui 

J-J_La I JUkj .JlsJI *.J_> _L_S 4 r7 j 1 u a 4 pjrij I ^Ijq-»o (j"--! «IJ ^-^>«J <— ll jt^it a (Ji-J-a ^^><-l c2jI.sIJl*J*I ^l^t a (jl 

. n (jyic p 1 u 2j jl JlC p j -: < all LJJjI lil 
xjLj (jJj^tJ <— iljil JlaJI <>a 4_ijJLiJlj i JjA^el!! JL^a mi I j-a J^ mi ^yfc (RESET) dear j_Lfl^all| 4_JL«-CJ 
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ASYNCHRONOUS ( fc-lpll^) i^ai obljull : ty 
: UP-COUNTERS Jbj^L^I cbUil - f 

: J.K c2jL}11 aI jLse-L«jiL> (4) J^sLsuj ji i£JLcl i^" r^cllo -i1 JlC — \ 
t J_c cliVLv *_sj? 4J (jl ^f (4) J_aL»-<5 ji ((j-aljJLa j_i£ ) Lvj^lLo LjJlcI l^j bl JlC ( \ - A) J^— iSJI (>_u 
<_i>l^ Jj=l! J.K Jl Cy JL^J_aj < J.K ^M^ (>a -il JLftJI I JlA (j^^aujj < tij-^- (3-< 0) (j-o Juuj 

4 (>iiil LJLtxJI 4_aL»JI j_Lc (j^L«ju (j^-j^LUI }Ij=J (j-oljJi!! Ji-j-a <j? Ja^^Gj < ? U ; 1, I ji»J^L aJLusj-o 
Ua j| julJI ^jLJ^j . JjVl c_j>UiJ (Qi) u tjiUfl jrj^JU J-^>* ^Lill c_j}L2iJ <>l>lJ! Ji-J-aj <>l>l]l 

1 Ql 1 q 2 .Q 2 ,Q 1(=tA ^ji^>ji 




0- A)J^=_i 
Ij^Ct-uiA Jj-u 4_!L». '3 jj^j JjVl <_j>L2Jl£ . jIjdlII Ijla J^Juil! <_ilj^aJI JjJl>- 7=-^jj " A) JjJl>JIj 
4 i^imI! 4_JL<jJI 4_aL»JI j_Lc Jj-jj 4_!L>. '£. jj ^-n ^LiL!! <_i^Ll!lj ^ysljJllI <_ il (>iiil 4_lJL-u iaLv { \~= i j_Lc 

. I JJ=lAj 4j^Lj J I jJluz (j-a l£>M 'J- 3 J-*JI Jlaaj i_3jj-u .il JlsJI ^jLa 



CLKNo. 


O/P 




Q2 


Ql 














1 





1 


1 


2 


1 





2 


3 


1 


1 


3 


4 











5 





1 


1 


6 


1 





2 


7 


1 


1 


3 



0- A)Jjjl 
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^QJI t-j^UiJj (2) Cr Li ^ ,,,?j JjVl t-jM-^JI ,j] c%~ i^m ^jLcoj Q : ^LiJI t-jM^U ^J»JI cil.\n jj^j 

. (4) ^^JLc ^ i n Sj 
CK ' ' ~ 

Qi 

n, t L 




(Y- A)J^=^, 

: Jllo 

Jl-*JI <JllVL^. g_t_i^»jj *_a J.JV dlLj}LJ2 aljiir" uiL tiJLJij (16) J—aLs-a ji rj_»Ix ^gjLg.1 uaj .il Jl-C *>.a_u3 

. r-jJcl! ^yvjJkl J^-i Mill f<U-uJJ < <— ilj'^tl <JjJ^>- aI Jtielu-uL 

(j-c liJJj (j^i <i/°> ^aJiielxJLl c->LiM.aJI J)Jlc ^LlIL-uVj (15 — ) <>a Jl*j j! Jlc ,_£? ( 16) J-aU-a ji J I Jm 

i jl^ m=4 (j^=3 Lajj^i ^lULj < cjLM^ji ^jui C7 iaj (m) ^^ 2 m = 16 : aJLUI ^MaJ! 3^ 



. J.KcjLMs isuj\ ^&cjL>uji jjl£.(ji (^1 2 — 16 c 




^ 



O OOOO I 1000 

4 10 13 1 I o 

j 1O1 13 I I I 



C ,J1JTJTJ1J1JTJ1J1J1J1^J^IJTJ1_J1J1_ 







: JJ>U1 £>** 

l^j jIJl*JI 4_ >llo JlsiIS < 4-SjL.JI i_j|jljL*JI jja tiJJj Uk-wV I o^ -S-ipB ( ra-miLa ) (^j^a jl JulII j-lhj 

(jL=3 CK (j-aljj 3 L^-a (16) jIJl*JI I juk *LLacl Jiic <jl Jl>o l-jL}IJ2 4jujl 6-° jj^^tlj (16) 4_L<aL*_<a 

<_j}L2JI £j->- <jL=5j ' .2 Cr^ 1 <j-°'j-^' <— il lia^j ^ i ii Sj (Jj^fl <_j^LSJI jl (_£l <— il tiaaj (jyJLcJ <Jj^' t-j^LSJI £^>»- 

tlJLiiJI <_j^L2J1 zj^- d^ =3 3 ' 4 (jyic (j-oljJl!! djl •'■*•'* < ■ ■• Sj ^Ll!! <_j^L2JI jl ^f dsLia-iJ *jj1 (jyJLl!' 
jl (_£? 2 jlvIj 3 -^/' j-^j-N t_j>L2JI jrj^. jL= < 8 ^^JLc j*lj-ltl '"'I -^/' ^ i u Sj i±JLi!l <_i>LSJI jl ij\ jtCLl^J 

7TJ^>- j-a rJi <— il >ia^j ^ i o2j <— i^tJS (_^=a J-^ Ct^-*- 4 ^ J^ ' lO (jy l^ j^ljJl!! <JjLi^ ^u-o2j ^IjJI <_J^LSJI 

^ jU (60HZ) Ujjjj jjVi c_j>i2iJ CK &*\yti\ c^L^ (Silo) ojL^= ^ < 2 ^ jjLJi ^msji 
^j < (7.5HZ) ^Jiiii c-jMsji ^j (15HZ) ^ ^iiiii ^Msji q± 3 (30HZ) JjVi v^Lsji 

. (3.75HZ) ^ ^IjJI v >Lsji 

: II ^a\jla ji ^Jl£.La1!I jIjlaJI- Y 

2 m > « 5_l!Li!I S JlcLSJI JjjU'i LoLa n J-oLs-a ^i jl Jlc. ^jo <^>" JijjJ LajJlc. 

jIjulJI J^bw: n ciLMiJI jJ-c : m :j!^_p. 

SJlcLSJI (j.'^i'* 01 (5 ~ 0) jx> Juuj Jlc CjVLs. Cm <U ^1 (6) J^Lslxs ^o jl Jlc ^jqi^" JijjJ LajLic^llc^ 

i U ?'* c-jVU- c^u. <-jj1UUj (7~ 0) j* Juu jl JlaJI ^1 Jlc Jl^-jj V 4jV 6 j-4j^>l ^\ 2 m > w => 2 3 = 8 

C B A j^ltj J.K l-jLMs aj>13 Jl jrb^j L-a^ LuLi LiiJjJ (5 ~ ) j/> ^1 

^jijiji juU.yi j>a L^ij-a <j^=j (i- a ) j^lAJL i o^n NAND l>i^> ji ^li^j l^^^ l£JLJjl^=j 

110 ► 6 cr- 1 ^ 1 ^ cr^i (6) ^j-^iaJI ^jJJ ^L^dl 

CLR ^lJli J^jJL Jio j^z.j NAND <ji^ ^j C, B l^LMsji ^ ^ L^i j NADA ia^ &\ 

I jj (J,K) 4-^jaLbjJI J^jJLI j> ^1 (PR , CLR)4^nll^Vl Ji| jJLI <jl LULc U^j « l^LMSU 

1 1 ^ 5 : LjjLo ^2lj=lJ (jP-Jlj 4_L..Lq-- : >> jljjtJI Jl*J Lajiic. 4Jla 

110 ^ 6 : LjjLlJ ^2Ij=lJ (^ JJI Iullu jJulJI Jl«J jl Jl*JI J2Tlu lj3j^ 

(Ji-JL<3 i La hi h, ^JjJj I JlAj I j a us jj*^~ i J i ■■ L^>.jj>. jLa I jj JijLvjJLj JNAJNL-' ^jl^J ' La tfu iij lj2jjji I JlAj 

c (6) JJulJI Jl»j Vj (000) JljJl>. t^ya JutJL) fjujj l-jLMSJI ^jLita ^-xqjvjj^'^" J 1 (jjjjj^-u I JlAj £-ud! 

.(110) 









uLujjUJVl 




■ U.'i.M cJl^, lii Ul c NAND Jul* 



A ) J ^ Ml 



AND 



^wf- 



UyL 
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: DOWN - COUNTER <JjLnil obi juJI - + 

: J.K ob>ta *t JlJcTlluLi (4) J^aljua jj crt)^ gj^ 9 -S1 JLc — > 

. M-iS; julJI 4. ^jLnJI j| julJI Ijuj lL-o. j| julJI J, ,,!,,,- 4. ^juiL^lJI ^IjutJI ^ ^jLnJI ^IjulJI < aiis^ 

4_a_jS u irP>\\ (j-a JutJI 4- cr'j'-^' -Stj^ftJ! f Juj <i~p- JlaJI J^JLuj 4- ^JlcL irVitl jIjlaJI ^j-C ^jLUll Jsl Jl*JI 

Jlsuj Jlc CjVU- «jjj 4J (_£? (4) J-oLjlxi ti Lvj^la LJjLo IjiIJlc (0~ 'A) J^xAII (>jjj < Jjl^l 4- ^^3 

JcvljJL iL^>j-<3 <_1>12 i^==^ J-K (_yi>. J_aj J.K (^Ml <>a -SljuJI I juk (jjj^-Mg \£jju*£. (0~3) (j-a 

^jJJI ^ (j_^=i3 jl JutJI ^jLkaj . JjVl <_j}LaU (Q,) ^s-clll r^>^Lj J-^aj-a (jyJLi!! <_ i>L2i! <>alj^]1 J^j-aj 

• Q2 5 Ql Laj^J dnj}Lal! + uMl 



J 



— UjoCK 1 i cU»ck 2 

I— l-K Q 1 L fK Q 



J 



J^Luj (^i ^aIuj ^yJjLij jIjlc. (0- *A)Ji=i 
*-j-*>- (j_^=i3 (^jLilll j>I Jul! ajI j_JI iJUta . jIjlaJI I juk Jji<Vit <_ il^i^ll JjJl>- t=-^jj (V- A) Jjju>Jlj 
ji erljL^I ^l JlaJLs « JjLuJI 4- ^^ Tjuj ^u ( j| JuJJ ^ ,^i ^f) ^UJI ^jluJLI 4- -sI^aU ^jUUI 

JulII Juju i^j^ .sljutJI (jLa <>a1j^]1 <— il »ia^j 4- j'j-*^-"^' Jiic j jJ^a <_JI Aj>Ij £ys Jl*j c^j^ (4) J-abtll 

. I J ^suk j j-a-^3 (_J! 4jMj <j-a t£>M fij^s 



CLKNo. 


O/P 


<^Li]l ^U^tl 




Q2 


Ql 





1 


l 


3 


1 


1 





2 


2 





1 


1 


3 











4 


1 


1 


3 



J-aLs-a (_£i ^jLjj r^clla _sl J_c (J-l^-iTuTl! <— ilji^tl <JjJ^>- (V - A) <JjJ^>- 









uLujjiftVl 



i (Qi) Jj^l i_j}L2Jl! *-*lt1 rj^JI >& <U (>olj^lII J^-Jla (jyJlHI <_j}L2J1j i ^yslj^JI <— il i^iill LJL^u 4_aU- 




J.K dlL>l^ aljitLjiL (4) J^Lsl^j (^i (jrl)^ PTJ-*^ -^^ (jr^^ £>^' O - A) J^ mi 

: J.K. ob^LS aljielLcuL! (8) i^aIxa ji prjiis t^jLli jIjlc — Y 



^LM2JI . 



iu Vj (0 4 7) ^ Jl»j 4JI ^1 (8) J-oLaxj jj ^jLo JiljL£. 

. 2 3 = 8 : <JLUI aI^UJI JjjI= ^ LdJi 
jIjulII I JL& J-l^jj 7=-^=i^ (V - A) J^=lA!Ij J.K cjL}11 aj>Ij J! r-Lb»o LbLa ^LilLj 



J ( J.j Q_l <_.J Q_! 



H-J Q 
1 

L4K Q 




A>CK 2 
L-.K Q 



J^Ls-a (_£J ^p- (jrl)^ "^ JlC - lU^ 3 ^ P"" 3 ^ (^ _ ^) J^~1 Ml 



ubld*JI 






uLujj&ttl 



(V- A) JjJ^JL. U^= J.K ^LMa *! juil^L (8) J*U* ^i ^jHI ^jLnJI j| judJ ^Ij^JI Jjj^ 
.(V- A) Ji=xA!L Lc^3 jiljuJI I JipJ (jy^-jil Ji=xA!l t^^jj 



CLKNO. 


^LZUI ^L^ll 




Q3 


Q2 


Qi 





1 


1 


l 


7 


1 


1 


1 





6 


2 


1 





1 


5 


3 


1 








4 


4 





1 


1 


3 


5 





1 





2 


6 








1 


1 


7 














8 


1 


1 


1 


7 


9 


1 


1 





6 



J.K ^L>Ma fljLi^L, (8) J*U* ^ £fl\ ^jLnJI j I juJJ ^Ij^JI Jjj^v (Y- A) JjJl 




J.K <— iL>l^ *l jLJel^iL (8) J^L*-a (^j (jrl)^ fcj-*^ -^ ^ cr^i^ fcj"^ ^~ A) Jj=Lui 









uLujj&ttl 



: SYNCHRONOUS COUNTER ( ^1^1 oblo* ) ^Ijpil obi juJI : LuD 

j_^] I frLJaJtJ *_<J dsL^LiiJI *-j^>J ( ?-jJi]l) OJv (j-aljJl!! (JiwJ^ ^juus^s I_£_j3 /«uj Cjbl JlC (J7 Jb : lJljjju 

. ( (^jtj3 (Jjj^ajj ) OJ23JI (j-u-ij '£- L^jv Ju2 /«uj 
: (8) J-abus ji £paljILa ^JlcLusj ^>l JLc — ) 

^jji (A- A) j^lAJI ^^ Parallel counters ^jU^il cibio*. ^ i jj^i p^<n a^axi 



. (8) J^L*-o ^gl S^L-iS f^j' ^^ L$^ L$jl^ -^JIaJ ^t->itl ^t-iji-i-^l 

(jy ic (J-Li^ajlJI (<u ;_£? . (j-aljUJI '"'I •'■*•'* (JLioV 3JlvIj 3-La2 b 2j_<iLu5 ol^aj Ju2 (UK.) (JiJ J_o <jf Ji.»-V 

(1) AJJJL*JI ijJjJI ji J|JL*JI^A(1) c_»MiJI. fMo^-.tl 4_ J.K CjL>UH f Ijlicl^l J^Vj . ^jUUI 

<_i>LSJI uj^j^ (1) <_ j>L2il £j-=<^ "J.K" (2) <_i>L2JI >L>-ju<3 J-^aj Jilj . JjJ^I f-^J 4- U2b (j^^ajg 

ijl^j aj jiij 4- (2) t-jMsj ( 1 ) <_i>la gj±~ j» jLid^oj . tiJL^jVi £_^j 4- i' Jj^I j-^j 4- L°! (2) 

^ ol^JI ojla ■Uj.'i.M jOj UjlI*^ (3) ^y^}\ J.l^.13 ^j 4. (NAND) ijijj ^^ (NAND) 

3L2 ajU^I Ja-^ifuJj *-L<u Lajilcj < J Jul! I ^-iJjj 4- •»■ _■ ■ aj (3) <_j^LaJI (jLa (A,r5) (j-o J^— j_Lc (1) (jj^-b 

^IjulJI 3A (3) ^^UJIj (2) JLojudl ^3jJI ji ^IjulJI 3A (2) ^^UJI . ciJUc^V! ^ i ^_^,,^(3) c_jM2JI 

Cr >.jil J^=lA!Ij < £ysljlil jl JjlII 1 JLjJ (— ilj^aJI JjJl>- (A~ A) Ji=xA!l Tc-^JJJ • (4) 2JjJl*JI ijjj-II JJ 




CLK 
NO. 


O/P 




C 


B 


A 

















1 








1 


1 


2 





1 





2 


3 





1 


1 


3 


4 


1 








4 


5 


1 





1 


5 


6 


1 


1 





6 


7 


1 


1 


1 


7 



« JLTLTLTLrLrLnrL 




Cr >._9ll J^xAIIj <_j1j_^aJ1 JjJl>-J (^JlcL^ij i_£jl_$3 J>1 Jl*J (jr flialt,l t-.jt-.^elll ((U-ujJI (A~ A) J^-i Mitl 









uLujj&ttl 



: (8) J^sLsus jjs <>olj^o (jyijLli Jll JlC — Y 
J^sLsl^s ^C,] 4_jjLjj aL^j! AjMj (^i cr'j'-" L^j'-i^ -S'iJL*-! (j, <i La 'i 1, 1 < La-Jaielll rfU-ujJI C\~ A) J^ Mill 7=-tijJ 
(Jj-ill (j^xJj (j^jljJlJLI i_£JlcL^i1!I .il JlsJI JlLa I ^ - is * J *_a (^K. (j_<aljJi!l (Ji-I Jl^j ol^aj Ju2 4J? Jijv^Ljj (o) 




CLK 
NO. 


O/P 


•J&J\ 


C 


B 


A 

















1 








1 


1 


2 





1 





2 


3 





1 


1 


3 


4 


1 








4 


5 


1 





1 


5 


6 


1 


1 





6 


7 


1 


1 


1 


7 



<x JTJTJTJTrLTLrLrL 

J 




£jjtlt (j^-jil J^-i Mitlj t-iljj^l JjJ^J LT^J^ l^jl^ -St^ (jraialll u t-.jt-.^elJI fU-ujJI C\~ A) J^i tiJI 






S (j7 -g-i.uj liLa t 4_kirti!l (j-u-a.) ^- 4jLj^LJ2 *_ia^><J (j-aljJl!! '"" uz-i ' f-J-«^>- ' La "■ " (_£ JJI ^1 JlaJI — Vjjjj 
a! ^IjlILj 4_jL^L1! (j-alj_l!l '"'I '^/' Ji-lj_a *_ j^jv J_^3jj ( <j_a 1j_.ll. 1 j_i_C. ) rj— *lll -Slj-_*J1 '£- ~ 1<j_j 

S^jljlJL a>\ (___llj_ij|_> 4jL^L2L! (j-aljJl!! (— il >ia^j (Jiwl Jl^j *-(-*-»>■ (J-^JJ <j-<jlj._ill ■_■! JlsJI if_ _ O^ya 

S 4_Lolj_ltl j_j£. CjI^IjulIIj 2_LaljHi,l c_j1.s1Jl*J1 jrlJ (Jj-aJ1 J-^J — "^o-° 

j«Ui-ujJ ( (— 1 1 J >-aJ I (JjJljv 4jQ=i *-<j t (o) (J^jLs-a li ( (j-alj-Lo j_lc) Lvj^iILa Lj Jlc I Le_u l.il JlC <-qjus ~ Vjjjj 
S ( J.K -"'I ;>>* pl.tV.,..! ) ^"Ij" -"'I -^;'' ^'1 o*it .'U\j rj^-lt ^^J* 1 J^^ '^ 

^_<-ujJ (. (— llj lo.1I (JjJljv 4_jL-_=j *_<j 4 (O) J-aLiL/J I J ( £ys I j_La j_lC ) Lvj^ILa LjJlcL-_sj I^IJlC *>_«_-_> — A^yu 
S ( T c_jL}LJ2 ajLielLj)! ) . (j-alj3 diLia-U 4_uLc_L! L_lljj 7Tj-5tU (j-^-jll J^-i mi! I 

S (J.K) c_jL}1_2 aIjusc-LlJ (16) J^Ijuj li ( ^Ij-Loj-LC ) Lvj^lo LJjLo IjsIJlC *iq.ua — ^(j^ 




^ 1g a \\ L-JJjJj]| j ^jiill -^jW'lU 4_dlaJl Ajoiuij^il 



■yA\ 



a^juLuji^i; 



4_^!jV! c_>>L> ll( & 







SHIFT REGISTERS S ^b-GJt! u^ 

tilLw 4J^? 4_j^2jJ| rtbitl 2_. Lai Jiiela-ul 4_jLa_*JI ?=Jilj_<ii]l *-<-uj1 <j-a I Jlj>-Ij 4jv|jVl (_)j*-<_a^ j_<lsu 

. ( lj^=\ JJI ^L^ ) j ( ^IjVl ^L^) 
J| ( 246) jjutil JLioV . 0.I3V! J^^j ^L^. ^j3 ^Uj.M.tl Zjji.MI L^UJI tfVl jl 

(_,!£. O r^j-JI j 4 „*** ■ e ^ = 'j- Li (^ " 7-lLL<3 1 La » ' ^- ' ajL^_l!I ^_j 4_ 1 iLiiJI (jyic. 4 r^j-JI j g ky<* • 4 *-^ 3 j-^- 1 

.(246) ^julJI JLiLSJI ^j^l^.^LUI 

Z ^j-JI (jLa 4 7-Llia iUt ir> JlIcj .4_iiLiiJI l£xj cr^ 1 2 r^j-M Vji j^l^j <Loo_^cJ ij^Lv iUT^^lcj 

I jla j-cjug .a-j<LUI Cy ig- jLt-u-jJI ,J\ ^LsjVl ajvIjI cjl>^j • 4 ^IjJl! LJL^auo *■ 1 u LA jLJI ^1 ^ Ijj 

■jLu-JI J I <Lvljf (_L>- 1110^= (Jjfc-1-u.U 
c-^LUI ^-Liai jLa " lj£=\ JJI 4^ Li* " lilij^a ^j^3 ^,L>JI SJ^I jLa "0.I3VI ^L^ " ^U. J| 
4j£ajJ,l lj~=i\ jJI 4_li^3 L>. j-lL<jj :4_ 1 iLiii]l (jyic Ij-iiLLi r^2j-JI ^ 2 jj tiiJi f-aj <L=3j3 <3 dJ^Juus ajj (z (Jii-a) 

.4_uiJ2jJI jjjljjjl £ys JijJlsJl! 4-u.aiIL Lj^p- Ij-al JUfc 

AjLJeTn-uJj . djLj^LSil (j_a 4_u_La (jy^ 4_LjL2LsLi!l 3-LfliaJLl I j-jIjJl!I (j-c-tij (j-a 4jvljVI <Jli^L*_txL^ ' a Jt '' ' *" (*-^ 

I <i^-> 4 (Jrt-a-jJI (Jl jl jL-^"^' (Jl *-— » LJ L_j_jJ I i»»ljl 2_ aJlJcIu-uj I 0^-1 4^2 J_a CjIj^jI Jl^3 iaJjVl <J1i}L*_lxl^ 

. (jaii=L»JLjj ^jljIlJI fijjj-a Jl (^I^UJI 3jjj*a (j-a <JllLJLijJI j-u.tJ ^_ 4LvljVI ds}L*_iji^5 aJlscIL-uJ 









uLujj&ttl 



: Serial input Parallel Output ^jlj3 / ^\£ i>.\j\ J^^ : V/\ 

1 c_>M2JL> D Ji^jJLI Ji ^L£]l oQLJ! ^Lajl JUo! ^ . D ^LMa ^ujl ^ I jiiei^l Ji^V L^LS ^ISj? 

cjLM^i £_^ ^.cJli j^jl* ^^s^ . (Serial data input) " ^JLnii ciULJi jiwj^ " jiwjdi I j^j^j 

(Ji-J^a J I 4_tia_u J <^" LaJiicj < j A.^tl (jJ^Ls £>£. ^ La tfti a *uu LaJilc tiJUjj (0) 4.JL.JI '£- I^julas*. 4_ftjj^?l 

.( 1 ^^uuQ^iai) A sua;ti j| ^ji^hi cjULji j^j^ j> ciUlji a^iji «.,,,„- L^ps <>ij^i ^l^ 

^ic T" *_<^j (OOOOVjJJI ^u^j JuJJjlS L^clxl^ (<u jl (2) J^xAII 4- ^txtl CjL>L2JI <jf (j^j-iil 

^ "0" <j^i ^ < (A=l, B=0 , C=0, D=0) ^f (1000) j^jj^ ^ji u\ji ^,,^ ^ijui 
(OOOI^jJkji o3^> yij *^ j^j (OOlO)^iJi j_^=l: aiis ^^ j^ j^j^ "Q-jommj 

it^^Vj 4 o^Lp <— >l '^>/< j-j Ji <3£>^ (j-* 1 J-?" "<tl 4- 1 <j\j>"*- '""j (UUU1) 4_jjLjiL!l 4 pl^-itl (Jj^^j /<u I J ^—i »j 



© © © © 

1 o Q 1 O Q 1 O Q ' 



I 



I 



T 



: (0001)^LzlJIUJ^=JI i^ljV ^jljj ^Ijj i^ljVI J^JLc-jIj^JI J i j^ ( j [ ^(^- <\) Jjjl 



CLK 
NO 


DATA 
INPUT 


Qa 


Qb 


Qc 


Qd 


CLEAR 














1 


1 


1 











2 








1 








3 











1 





4 














1 



: J^Jll IVt^iil £j^ (Y- < \)J^=^JIu^ 









uLujj&ttl 



~~ U~ 



J L 



J 



(Y- <\)J^i 

:Parallel input parallel ^jljj /^jIjj oJjl J^^. : Luti 

^j' 6"* U J) ^ a J-*J tij'j- 2 £j-^'j l^jl^ J^^' l£' iSj'j^ / l^j'j 2 ^'j! d :: *-'- u - a 0"~ ^) (_^=lA!I (j^-u 

J^-u-lU I jla '2- (Hi Vj < <b <_>^L>. <— iLJLu 7:^3 *-} o 3 ^ ^^W d^-* h- 1 ^-^ J^— ^ jf lI^^Ijj D <Jiib}LJ2 

I Jl^Jj ^J^ 4-J <*-bo 4-J-^^' <_s}b2J1 (3_c JZLiu-a <_j}b2 J ^-> J? ,j\ j->^ <_>}b3 (j^o <— ibiLu 4-j>Jj| (_£l 
(j-aljJi <— il >>>m (Jiw Jl^jj i (U) ^jLlxlJ <J1jLj^LaJI £-j^>J £>-><-!' (J*^ 4JL^ 4 La j tfu m JlIc £=_lxl^s (Ji- Jl^j (Jjfc.i.u.U 

Di=1 , D 2 =1 , ) : <jf ^1 1 101 5_jJLlJl 4_^biJI <_cL=xJI J^>^ Ji^i Ujl_ul2 < ciL£li]l J^c^lJ 
(D 4 - D 3 - D 2 - Di ) J^ljdl^ 1101 cob>b_JI Jbiob fj-i LSLis (D 3 =0 , D 4 = 1 

l_bU-> 4_L)L_a]1 Cjbib-JI J-J-c^u LLcl ^bJbj (CK) (j^lj^JI Ji-J^a (.^ (>»tjj 4_^^J J^JlJj CaJJ^JI Ct^ 1 

Lu J^^bj < Q A = 1 , Qb = 1 , Qc = , Q D = 1 : <J^^= J^-cU £jbU1 e^-u^lj J^JU 

JjJljv '£- LT)-J-ti (— )tj ii3.ll (JjJ^- Tc-tisjJj < (1101) 4 pl^-i 11 (J-lqalI iliii'l Sjuvlj £ys!j3 4 , r> u 1 LLaTlvI Lot 
tiJLb tcjJsjj I -i*— ■ < 4_jjbj aI_£jI 4_jujI (j_a 4 *>j^— ■ * 4_cl=j <_b= 4_jjbj 4_cl=j (j_a j_1=jI ( _b / a^>ij (Y _ ^) 

.(£- ^) J^ ZA\ 4. jrUI ^jll ^kll 

L^l r r 

I — ! d o I — i •— jo ol — i I— To ol — . *-Ti 




: (1101) ^biJI 4- J^tl J^c^U ^jbp /^jljj <3>ljVI J^JL ^Ij^JI Jjj^v cn^ (V- ^) Ji^ 









uLujjiftVl 



CK 


JilaJLI 


Ej^i 


D 


D | D 


D 


Q 


Q 


Q 


Q 


X 


CLEAR 














t 


1 


1 





1 


l 


1 





1 


t 





1 


1 


1 





1 


1 


1 


t 


1 











1 











t 








1 











1 






: J^Jll iJLpJ^^XI^j^JI (1- \) J^lAJI ££jj 



rn 2 


3 


-4 


— U 






i i 




~~ 1 






i 




ill 








r 





(£- <\)Ji^i 









uLujj&ttl 



"74194 a»l^a3ll Sj^l jJ! r lju^L f Ui! 0.I3VI J*—* : feltt 

. i-Sj-ta (J^= AiijUj ^-LiJajj *_<j aL»JI 4jvljVl (J^txi-a i_aljla^? LJbjJii^a I t-tt-t-ica (0 _ *\) J"-— 1 tfuJI l£-£J 



(^jljlJI (_yl£. JjASelll 



^ -■. u - U (Ji-Jl^S ' 



A Q A 

B Qb 

C cV^ Q c 

D fUl^ljVI Q D 



D SR 
D SL 
CK 

CLR So Si 



ngg)(cx°) 



(0- <\)j^=^ 



jJjJuIujI £-<^2_9 


^>UjJLI 


oU>Jt! 


CK 


CLR 


Si 


s 2 


D S R 


D SL 


Do 


Qo 


Qi 


Q2 


Q 3 


4_!L»J1 *-^J 


X 


L 


X 


X 


X 


X 


X 


L 


L 


L 


L 


liiL—VI 


X 


H 


r 


r 


X 


X 


X 


qo 


qi 


q2 


qs 


jLcuJI J} i^ljVI 


t 


H 


h 


r 


X 


I 


X 


qi 


q2 


qs 


L 


t 


H 


h 


r 


X 


h 


X 


qi 


q2 


qs 


H 


UrU^JI J| <L»ljVI 


t 


H 


r 


h 


I 


X 


X 


L 


qo 


qi 


q2 


t 


H 


r 


h 


h 


X 


X 


H 


qo 


qi 


q2 


l^jljUl ^ J^A^J 


t 


H 


h 


X 


X 


X 


do 


do 


di 


d 2 


d 3 



or- \)j 3 s 









uLijjiftVl 



.pii tiUj^j (74194) u*l=hi s^sui ^i^U 




"74194" Ual^U! Sj3! jJJ ^li.1 jJI «...j^T>Ul 




wwmiawvn 









uLujj&ttl 



: Jtl. 

*J=L^elJ1 Ji-ljLXij^Juj LaJilc " 74194" aLstJI AJvtj^M J^=-<-u-<3 J-l<-.Jj *-*i»J £-"»,& (*•" ^) Jj-^' 

. (Sq , Si ) ^J=x^el!l JiJjLo 



(J-L^-lTuTu 1 XUU3& 


Si 


So 


^L^I 








(j^aAI ^>-ljl 





1 


jLcuJlJ ^Ijl 


1 





lSjIjjI! ^ <_U^ 


1 


1 













( 


i- 


^)jj^ 














I/p 


O/P 


CK 


Si 


So 


DS R 


DS L 


A 


B 


c 


D 


CLR 


Qa 


Qb 


Qc 


Qd 


<1[^ 


t 


X 


X 


X 


X 


X 


X 


X 


X 

















^ 


t 





1 


1 


X 


X 


X 


X 


X 




1 











OrtAjU ^v'jl 


t 





1 





X 


X 


X 


X 


X 







1 








(j-ydL! i»Jjl 


t 





1 





X 


X 


X 


X 


X 










1 





jj-iaaI! i^ljl 


t 








X 


X 


X 


X 


X 


X 










1 





<j]Luua\ 


t 


1 





X 





X 


X 


X 


X 







1 








jLusAl i^tj! 


t 


1 





X 


1 


X 


X 


X 


X 




1 








1 


jLusAl i^tjl 


t 


1 





X 





X 


X 


X 


X 










1 





jLcu^iJ J^lj! 


t 


1 


1 


X 


X 





1 





1 







1 





1 


lW*^ 


t 








X 


X 


X 


X 


X 


X 







1 





1 


^L^l 


t 


1 


1 


X 


X 








1 













1 





ck-*^ 


X 


X 


X 


X 


X 


X 


X 


X 


X 

















^ 



(0- <\)JjJi 






(_ )tj-uaJI <JjJl>- <jLl^=3 x-a (1001) iLJLUI 4_x5LoJ1 4_cL=JI i^ljV (_£)1j3 / ^jl ^-'j! J J *-" L - <3 1**^» — ^o-° 

JjJl^*- 4_)|"i^-i *_<j (1001) 4_i]Li!l 4_^LZL!1 4 pl^tl 4_j>JjV (_£jl>3 / (_£j1>3 4_J>Jjl Jja=_caXl *i.q_u3 ~ l^ 
S 4_aj^L!l (j-aljJl!! ' ~ ' I >iajj JJlC LrejJsj^J i T^iti! (jy jvji,l J'^— ■ iuJI jtu-ujj (— ) I j-LaaJ I 

S (1 10) VLUI 4_^Lzai UJ^xJI ^IjV^jl^/^ljj^ljlJ^^^,^^- o^ 

S (1001 1) ^JLUI 4_^LZLJ| UJ^ZXJI 4^|jV ^jljj / ^jljj ^IjlJ^^ (aAdUO - 1^ 

<jL£= lit ^jl^/^l^i i^ljl J^JL (1 1001) iUJLUI ^LzlJI UJ^xJI <^|jV f j>UI <>jJ1 ,.,,,,^1 - V^ 

<5 0.2ms ^a <^iyi 4,^,;lt ^jjjJI <>jJ! 

S (_£j1_$3 /(^jljJ 4^ljVl Jr*-<-aX! (jL^3 li| 4_£jLxl!1 4JUJII Jjv JlC? — A^ 

JjJl^ 4_,Li^ ^ < (100) 4_JLiII 4_^|_£]| 4_Jl£ =x JI 4^vljV ^jljJ3 /^!ljJ3 «_^lj! J^^> ^0 ,«- \^U 

(j-alj-l!! <— ll »>>n Ji*J^_<s -i-ij_J jl— ^3 li| 4jL|_<Jl]1 4 pl^-ltl 4_jvljV ^j^LJI (j^j— !l '-'— <-to>l ^_J < <— llj) iMI 

S 20 KHz 

S (_£jl_$3 / (_£jl_$3 ^JvljVl J^=-cu-a (jL=3 lit 4_£jLxl!1 4JUJII Jjv JlC? — ^<j-u 









uLujj&ttl 



s "74194" fUii 0.13V! j^jl ^lui ^i^uaji jjj^v j^i 
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^ 1g a \\ L-JJjJj]| j ^jiill -^jW'lU 4_dlaJl Ajoiuij^il 



■yA\ 













uLujj&ttl 



Signal Converter 3>U«¥Iu¥^m 



jji J^~> Mill jL-uj (jyic (Ji-jJI .A- J L l lcj TrjLitaj (Ji. Jl^j (jr <4J2jJI Jji rVitl aLIiJ jl 3juv^] 4_j£ (jj)^~ij f-^J-l 

Analog to Digital Converter ) ^j J! C7 i i l^ <> J^li (pL ^ j <»-.,„ « j^ ^ ijL*. 

c\±] -,.^23 cr djJI aI tail! TTj-sei,! Jl1cj.4_ia1j Cj La^Lt-o Jl ^,1/io'tl Ji-jJLI a^TLiJ ( A/D jji^iI ^j 

.( D/A _> j.^-^Sj Digital to Analog Converter ) C7 Juic: jj ^j <> j^ii CT ^ i ^j^f 



A D 
Jj-mJI 






1 




^jj/i^ii aO^ 2_ ( A/D ,D/A ) ^V^ii aI jl^i^i o - > ♦ ) j^=^i 

.4_uiJ2jJIj 4_JDl_clJI <JijljLiVl (JT l«-<3 (jyic (_ aj-Cilm < Jl& Jj^dJI (Jj-b cA* 1 t -A>*-" <J' ck^J 

Analog Signals ^LJisUUi ^ijLiVi 

.(j-ajJI *-a j-s Tn - u -a (J^~ ' mi ^ I ^j" oj^ j-l <T ij <JljljLiil (JT ji 
.tcJJ , U» ,%.1lj 3jlj^>JI 4jvjJj jLlIIIj Jl£j>JI BjLil (JILa 

Digital Signals WajJi ^ijLiVi 
.( rllCjri OK. LUW ) (j^i^-Via jl (jyiLc ^li^><? ia (j^i-^-"- 3 c^V ^""j^ j^*^ <— ! 'jL"4 <_?-* 









uLujj&ttl 



Digital to Analog Converter ( D/A) ^BUS JJ ^j &* J^Jil : VjT 

4-J-a^J j^L-ii-a £ys 3 Jl^IL-u^o ^IjLil 4-C.Lu-isJI I§_ ^LajLseTLi.a,U rt^-i-fclJI ^Jiij Jl (Ji. Jj (jl_p* VI £_ya jJj^i I§_ 

( DAC or D/A ) ^u; J! ^j <> J^ii o_^=a ^JjJj .uVi ^u^UJij <_^uji o^lj^! Ji* 

.aLIaJJI '£- 4_JcLclJlj 4_uiSjJI j_^3l_L»JI ilajp Ljjij-iis l*j^>- 

r«-== ijJi-jJI 4 ojM ^al^— i a ^^yJGLcJ ^J^ <jj!| cr^J-" (J*-J^l cki^ C7-* cl^* 1 -^ 4-c^-o (jl pa < hTn LL& £ys 

.( Y- \> ) J^nAtbciltt^T; 



8s 4s 2s Is 





Li JH ( 

B D ^ 

c 




_J 



J^JI CJ ~J' ^ 



I 



(^ L)/J\) (J_jJ»til 4_«^<3 TcJajj (^jjil^a lUt-t-ica (Y _ ^ ♦ ) J^~> tSi 
£>£. SjLt£. J^-jJI jj^-ijij (jyJCL-CJ (J\ (jy-c^J <j-« (JdF 1 ^ &*->■«■**" "H <— sVj^J,! pl$J? JU>~? cr'i^' Jj^' J-P^ 

4_<ij2J ^2L=JLI ^UUI rjj-JI ds>'^13 ( A,B,C,D) T^pbUI <Jj>b j^t LJUol aIu ^Lo aI^jI 
<U ( D/A) ^U: Ji ^j <> tyJj! J_^ ^^ ( T- \ • ) J^lAJIj < ^Vl ^1 4. ^pLUI 

JL3-Ij (^LcJ rj^J ( A , B , C , D ) 4_pLo JiJ JuO 2jUjl 



D / y 



37 5 kfl f 75 kfl 



Y" 



,*.>■• 




(D/A) gljl J^^ i^ljl] t-.jt-,=e^31 f^,ji\ (V- l')J=-i 









uLujj&ttl 



: !_«-& (j-ujjv cr ! ** ^- J ' ^tP* (J** 3 Jl9^*^ ' ' ^-* P ' " * 'J 

(R1,R2,R3,R4, ) ^UjUii ^^ - 1 

V- =V* •*/— + — + — + — ] ->(l) 

\R 4 R 3 R 2 RJ 

. I ^jLxu jjj <Jlili 4I^j ^liJIj A ^Ll^L lL^uj3 R1 = R jl dj>. 

. .Z ^jLtxij (jjj <— ili ^'-hMJ iS^^3 *-* ?"'"^tu da_uj3 rvZ — — 
. 4 i_£jLjij (jjj tiili 4^j l£ J^'j ^ T-LlaiL ilajjj3 K3 = — 

• o ^jLcuj (jjj Cjli 4Tl,uj (^JlJIj L) y-lla.lL lL..uj3 R4 = 

jlJI AjJjlIII 4_ajlJL<a 4-*jJbj ( jV) (_£jL-uj (Ji-jJI Jl^jv (jl (jlsj-aj LiJLa i (J_jj»J,I J-cc ^^<i*i (jr ^aJj 

(i- > • ) J^UL, U^ (R= 150KQ) J^jJI ^jLu, < (Rf= 20KQ) 



<-/ 



LAi. 



:^LUU= ( Rl, R2, R3, R4) ^UjLUi ^ p^ oijuil 4. 



! 2 2 
», = «L = 1»=37. 5 H1 

4 4 

fl 4 =^ = ^ = 18.75^Q 






.(1111) ^2JI Jj^ 3 (0000) < A xti\ tfi J^jJI {>* ^VU^VI OJlA fjUJ ^^v t J^ljJU tf\J 

:^UL= ) ILSjLJI 
JkjtVMj t^ljJI 4_ J^JG V ^LajLUI ^.l^-v jf ^ju IJl^ (0000) crciij.il Ji^jJI jU= i^i - \ 
cr* ^ «« cyJcsUl!! gj-><l\ 4_a_jS jj^" ( \ ) £a}L*JI 

v fII = 3 * 20 * (0+0+0+0)=0 

Rl U 3 [2i\ J^JG ciUay <JA2* A ^-LLill ji ^ Ijl^ (0001) ^jJI J^jJI jL= li! - Y 

V , =3* 20 [0+O+O + — — I = 0.4V 
L 150 J 

jLwjLUI Ji-JG til! Juj t^illA A,B cn^Llill jf C7 1ju Ij^a (0011) cr d J JI JijJI jL= lil - V 
ct-* ^ o« (_,JjLc2li ttj-*^' ^jja (jj^-i" ( ^ ) il^LsJI (j^LjIaiuj fij^l jJL (j^vLlUL iiijjjJLI R2,R1 

V „„, = 3 * 20 I + + — + — — I = 1.2V 
^ 75 150 J 

Ji*JLi liAJjuj (<lL1L<5 A,B,C,D T^pLUI *-j^>- (jl c^ju I Jl^2 (1111) (jrdjJI J^Jl!1 (jL^= 'M " *■ 

£jjj| ^s j^^a ) *i%*}\ ^jjU-mj s^sijjb ^pLUL a^jjii R1,R2,R3,R4 ^UjLsii 
y f = 3 * 20 [ — - — + — — + — + — — I = 6 y 

I 18 .75 37 .5 75 150 



: (JT ji cliLlajrtjLa (JJlC (3j-<-u L«-4 y- '^>*h 



. ( 0.4 V) ^LJ! 

. cr cJ3jJI J^Jl!! JjL2j OJJJlj L^^'i U^ <_>^L>JI 7-Lliil JjLSj fijol jJI 2_ Ji-JiJ 4_ajL<L<a (_£? (jl 



> 









uLujjiftVl 



Vout ^UUI jrj^Jtj (A,B,C,D) Jil JlJlJ a;^, ai JLaSjJI p^ill ^l*^ ^jj ^bJ! JjJ^JIj 



cr*M J^JJI 


^UUI £jJkJI 


D 


c 


B 


A 


Vx 


























1 


0.2 








1 





0.4 








1 


1 


0.6 





1 








0.8 





1 





1 


1 





1 


1 





1.2 





1 


1 


1 


1.4 













1.6 










1 


1.8 







1 





2 







1 


1 


2.2 




1 








2.4 
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uLujjUJVl 



Analog To Digital Converter (A/D) ^j JJ ^BU2 <> j_^ai : LuD 
2j-£>4 fj] j| ilLLaJI cjVjj^j (^t 3jj)l ir-itl 4_JcUl!l cjljLi>L! 4^>JLslxi *lj^-V 4_>.U- dJLlii <j^=xj Lajtic 

<— iLi-i.uU»JI » _■ Laj i ■■" ^^— 1 <Lj-cJ2j diljLil J I 4_JdLcIJI ^IjLiVl o JJt Jjj^o <-dJi (JjJa ajJb «LJLa < 4_j.cJ2jJI 

. (A/D) cr clj Jl (jyJGLcJ £ys tliV^sJtl <J\ AjvLsJI j^laJ til! jjj < L^Jt-a J^aUlII J-ia- in'itl <^>l Ji3-jj 

BjLlC (Ji-jJI ij] 4_La •»■ -^"j La=j ( A/D ) (J^e-d! ^ySjJiit^aJI JaiaieJll (0 _ \ ♦ ) J^~- "<tl (j^j Ll! "- ' ^jjj 

.JijJI jL^U^^LU^i(Hll) ^JULjIj (0000) 

Bs 4s 2s Is 




^Lu ^Laji 4jujI ^i (A/D) J^tjL! c 



i]| J^-I^tl CO" ) * ) J^ .1. 



Comparator jjLia - 

AND Gate " 3 " JuIjj - 

Counter ^ij^ - 

A/D Converter^ us J{ ^j <> j^** - 



: 3*3 









uLujj&ttl 



.jljjll j<w,m« J^JJ -> Cr ^oJ ^jJlj A/D ClV$*dl £\^] JLvV 4_lU^JI 3^1 jJ1 jrLU (1- > ♦ ) J^Z^UIj 
(j-g-iia D/A (J^=e-a (jyic- (^jILxJ LJ^=ji 1 o^—i _J42 /[ (J_jJ»til (j-a I Jjrit" j"^~ >I 4_jt J^-i mi! I £ys p& < ^JJJ 







3106 



W/ «>**> V^-* <jj-» 



A/D oV^i ^1 JL3.V 4_lUaji s^i jji (i- > • ) j^.t, 

( 0.75V) i^jL^ 4_^LS t_j^iLaII ( Vx) J$^>JH J^jJI Jl^v j? O^J^J LoLs J$*dl Ja£- A^iJ cr^Jj 

.( 0.2 v) ji jlL<w 4^%-j^ ±>\y+> Jj^' '**-* f^jo'^" 4- J^'jJ' D/A J^ii <ji til! jl^zj ^jjiij 



D/A= j^^ j^ai jrj^j 0000 j i j^lJi ^ 






. ^jL^j sjGjJ.1 ajjuUJI j? ^i Ov 

> LslAz i^jL-uJ (^JJIj D/A J>»J.I £>>■ £-A (0.75V) (_yJjUjJi J-^>J1 iJjLLa ^u3 



= l ^^yjCLdJl J^>Jl (ji <JjLSH ^jLJ (J^=LJ 



. 0001 jljuJI l*\jJi £,,*-,'* ClOCk JI (> 2u±^ *LW| fO» 

. 0.2v ^a D/A J^J.1 ^ ^_l^u 

4-lU.*]Ij^ ^-i"m I J ^-i A j < 4JjLSil «-A«-C JI (^j^i ij-o Ji^aJ 

?T>i- •»■ _' ■ i3J (^Liluj L^J^LlJlJ ji L^Jj^iJ -SijJJ A a^flJl (JjO J_L^3? U/A (Jj^J.1 4_H_l2 ;JJ^"~ '"' <jy^>- 

.( (VX < Vy) ji (_£? ) Ij-i^a 7r j <■-» j <j|^J| ^i. jV JlaJI 4_iU_c. lJiIjIJj (jjLHI 
.^UlII Jl^Jl! ajjUII 4-j-cljJI 4_4_l2JI yt jIjulJI «u!1 (J^>j (^JlJI JsJlaJI jj^j 









uLujjiftVl 



sjjj ^Lo jkLajt <AjjVl (^i (jj'j^' j-^-m^a ( A/D )j_^tAi! <_s1j^aJ1 JjJl^ 7=-^JJ ct^' Jj-^'j 
. ( 0.2V ) jl JlL<w ^UlII J^JlJI 4- ^^j) J^t 4_j^Lu AJL>. jl Ji2*j Jyljlu cr clj.JI <L>-jj>. <jl 4_La 



^UUI J^jJI 


L^V S^' 


Vx 


D 


c 


B 


A 
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2.6 
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1 


2.8 




1 


1 





3 




1 


1 


1 



( Rf = 15kQ ) iu,^*\\ ^jjlUI ^jL^ ^jij « ( Vi = 5v ) 

( R = 88kQ ) JS-Jl!I 4-ajLLa 4-AJ^J 
'SJS- Jl!I ajj3 j>o 4_4jS J^=l! JjLHI (_yJjUjJI Jl^>JI JcvjI 

JaaJI iiL^la r-j_<Iulj < (^ A/D j C7-*^J e^! cr^' -c ^ O-* 5 <J>^' F-^31 I jt-ijt-i->o ^ ^a ."i *-<-uji _ Y^ 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



4jwS)uLuj>S)I 



Ijjl 







L^-aL^-aj Bj-^jI JJI x-Jslj-a drs}-*-^ <j' M : *j^i j-^ 3 ' jj- ^' <j^ ajj* '^>tl <jijL>JL«JLI <— iljl^ ^- Lot . L^H^LisLj 

1— g-Lu ^-oL^-JI (jjj-sej] IvOJVl 3j-=3l J-JI (j— a J "^— i (j^> i^-»o tl^p- ' 4jqjq Lalll 4_JUjl!I (j—a Uj-»» JlJU 
..^-aLJj-iJI Jt~ 3-aIaJLt,J <"<! ... t^— ^Itj <~>LU» ^lt eJaj-1.1 (jjjjJeHi! IvAJVL cj~=s\j2\ aJlscIL-uj 

aUajl 4Ju_& Cr JLc £-o1j_<J1j cjULJI (jjj->o 4_ta aIj ^ JJI (jl^-ill 4JL (_yJ^I t_x^uUJI 4- «j-=3l Jl!L> Ju^ij 

(U ,1) La-ljJlj j a LaJI (j_a A ''j *^— i a AjjLu 

c (TTL , CMOS, MOS) Ji* iibj^JI c#Lu»jil aL^il ^Ll^> i^izs ^^ Xj^IjJI j-l^,^ 

<— il jlt-i"a tiJUji (j ^-i lj < lfl"if LLi^a 4_2j^la (_3^Li>~l-J L^aj&jvj L$2c.j_<-u >^p* <j-a Sj^al JlII <— il a^a caJQioj 

: (j^-Aj <Jii^L^3jJLI ^LliIuI (j^j 3 <*j « .^\t I 2j.~jI jJl! 4_ 1 _u_jjj 
. L^j iJjjjcJLI cIiLjLlJl! 4JUJ-UU (Jj^aj 3jHa LJ (jj)^->j <ji (Y 

. 4 <>>rtVia 4_jjLj_£^j i^LLs lLU^Tli-uJ (j| (V 

Lai <U ?i'o\ BjljvIj 4_jj1_o ^-cj^ (jyl^- 1£>^* , -> u' (1) "••-' <i jj ' ijjuvlj 4_jj1_o <JL>. (j^-^jj : (bit) Cj_l!I _ ^ 

."l"j!"0" 
(byte = 8 bit) <j? ^\ ^ls ^ll. jU> ^jL^j < o_ji <> j^=? 2 j^j <^j : (byte) ojLJI - y 
. ( word = 2 byte) o^LJi <> u^U* ^jL^j ^M 1 <>j^=' «^j cr*j ( word ) ui^=Ji - r 



Kind of Memory s^aljJl < rm„vi 

: S^LkLa JjjSsli (I 

RAM Random Access Memory "^I^AaJI J>^yi Zj^l i" Cr *-^ L^ic jii^j 

. £jJ2J_a 4-aj^aj ^_alj_J1j cIjLJLlaJI (jjjjej] aJl3c!u-ujj t l^if ^Lj^^xJI jLpJI *-laJ2 
ikii->» L$J a!u (_yJI 4j,7j^-itl i±*-p- (j-a (RAM) ij->\ tail, I aj^jl jJI < ^jli^" <jJ=x^J l£>M SP"^ <j-° 

: (Static RAM) ^mLl^i z^ii - i 

4_ Us^ise* Jlaj L^L^Flip Flop" t_i>l2 Jil J ^ikla 4_!bt=j <-TL> Li l_*_iJ 1 o^jJ^S fUJ L&jiij 

Afi'tc AjjJLllI J-t^a^ (<uj (jl J! ji L^Jbta fiJuJcv <— )ljt-tta (J^ O' Ji 'j^al JlII 

jj^J LaJJuLS I jJ.4_jJL*JI icj-txJIj a I JlJcTu-uVI ^L-ojj (j ^> se I"" (_y-!'j I II AA 1 Jj^— gj V cJijJlc. Lj1j_a LJj 

SRAMsj^l jJI oJJt ij\ *_yadL!l J-Ja^Vl (3^2 < 3j^l jJI ^ IjljJi^ta IjjLS VI i_J Lalj Vj \jjii ir> jLgj>JI 

.illiaJI ^ }LJL3 IjJL3 liilgicuJ <_yJI CMOS 4_ill"u «-l>^3J LgJIj 4_t^>lS- 

: (Dynamic RAM) ^^^Lb^ s^li - Y 

jLu-aJ 4_Jjbe_a-! L*jl.i aJ^JlA^o 4j^— jjol bjJI 2j^a|jj| j? (_£? . LfrtlLaJl *u lil VI 2jl»»lj 4_jSIj £ys Jlf J^Li- 
JaiLxJ (j^-it i ^jjLSHa <— ilj^la (jyic (j-stui (_)iLftJl CjIjj.S J I ( f?"^-i 1,1 I JUk (jiajjju ajJb til! jjj L^jI jt-it a 

.L^jLJLj C:y k. 

ij_x^ j^jj DRAM <j? ^k t_jl^>Jlj S 4j^jal_bjJI 3j^=l jJI ^| jLicl^l J\ I il LulSJu ^ jJI La Jlj-caJlj 
. (JSI 4 al^ajj (cIjLJLlJI £ys j-j^aj IjJi^ (jljJli-L ^-a-cuJ (jy^ ^LlJLj i AJa=^»JI ti-^p~ <j-a LaLk 

: Z^SlLmuO isj^jl i (<_) 

^jla j^dSj [Read Only Memory (ROM)] " J*2°> u\j2i\ 3j^=ii" Cr ^^a L^ic jiLuj 

(jji^ieliJ a JlscIu-uJJ ( I gJLg (^Lj^-^xJI jLpJI » LaS J_Lc <J1jLJLijJI (j^J L^jLjjIlita J S qj V L^JLj Bj-^sl jJI 

. ;u^ Vu^ ^aij^ij ^l:lji 






Ji U^a*j L^ ciULJI ^,b^= L^L^al ^^ <> (ROM) 3j?-,,„1,l 3j^=l jJI lJi^L 

: ^^ <_al_u^I 4-*-ij~\ 

:ROM- \ 

<— il rti^ljJL L*_u jl i 4_L<-uLjJa diLl^aljJL L*_u *_L^aJ.I I§_ LgHjJtajj rtUJJ ' La a^ S*.ljJi]l Xj^ali (_y.a-i.ujj 

:PROM- Y 

4jLvLjIo-V L*_u 4 t n<>'<) L^IjJtaj_u ^jUAJLI <aj-Sj ^^P" ^-^°J^ iLLiLlI <Uii*q 2*.ljJi]l Sj^ali ( _ y ^mjj 

. t£j^M 2j-a I fl-ilr 4jLii=iJlj L^se-m^a ^j""— ij V 3j_a <Jj^ W^ 1 ^^"^— II J^tjJ ' 4-t^L>JI 

:RPROM- r 

. <— ilj-o 3JlC <jLH^xJIj ge-«-u-tl <Li1a£. 

:EEPROM- £ 

fiJsLcJj Zj-^>l Jil (j-a eJLvlj 4_JL=j %_txLXi 4^Jl^ab (EPROM ) Sj_^=1 JJI <_>£. «j-=l JJI o JUk j^-a^J 

. (ROM) 3j^=i jJlj (RAM) ij^=i jJi ^f ^^ ( ) - n ) j^AJij 

2jJ=l JJI £|aJl 

, 1 , 



(ROM) Sjj^a (RAM) s^Lkia 



ROM PROM EPROM EEPROM Ju^^Lio 
(ROM) j (RAM) 2j^=l jJI ^1 (>- n ) j^ a 



s^jjj^a tiilj-iA^j^si^ (RAM 3j.^jIjJI ^l^f j-^sil - V^ 



ubjiail 



4u2j u Lujjlftl (tuu^l 



FLOYD DIGITAL FUNDAMENTALS i 



^ 4jrtUlt,l jjljjJ! lUjinM : A^u^\-uJ\ « Jl3*.jJI 

V cjL}U]! : i*jUoJI 2j^yi 

A RS M >UJI 

1 ♦ <>l>4! RS c^MiJI 

n J.K ^M^ji 

u D ^^UJi 

^r T ^y^i\ 



ubjiail 



4u2j u Lujjlftl (tuu^l 



U obljudl :<l«liJI Sj^jII 

Y« a^Jlc! ir-iltl <— ibljuJI 

YY J-aLjw cili ojLtLLflSJI ciblvull 

Y£ UjLlUI db!jL*ll 

r • o>b^JLl : o^LUI s o».yi 

YY l^j'j 2 / Cr^J- 5 L^ 1 *-^"- 

YY i^j'j 2 / L^j'j^ J^-"-* 1 

Y<\ SjL^yi Ci¥j*a : SjJ.Lt!! sa^yi 

£ ♦ A / D a^LuJI J} ^IjJI SjLiV! J^^ 

i £ D /A WajJI Jl a^LuJI SjLiVI J^** 

1A 2j^t jJI : jja£: 4J^UJI SJl^-jJI 

l\ 4 J^tl-cuLJI-coJI 

o« ROM 2^lj^JUj^=b 

o ♦ RAM ^b^zxJIj -^1^1 Sj^li 



£^W 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



( ^U& )^wS> ^^J>^ 



Jj^M Ji^^it 4_sl^!j^j 










uLJjj&tfl 



j»^9 UjjJj cyi^l <_^UJL> cLjjJI J^. ZjjUJI 130 A ;U,,,tl ^jL^JI ?<■->?« j! SJ^yi oJu* op 3 ' J-I 

^ »IaJ^I ^>U Jj^tlJI ^^Lloj <aL^J^I 4_«lij? • 







JjVlJttiU2a?l>i 






uLujj&tfl 



. Test Console IloU. ^jjUo ^ 



WSjJI ^uikil! JIjjJI : JjVl ^bj^il! 

^jLtUI *~^* 

Pc 130-101 ^j *j>*jJI £$J 

■^ *^— — still T^jjLLa ^-tJs . ) 



. Jj^aJI fi-ua^f <_jjLtl!1 4 LaJLa £_ 3-JL-Jlj 4_l>-j11 AJJL 

.POWER^-LlUI J^^^^illJI^JLiUI J^j .Y 

.PC2 t u, J ii4.PC130-101 CJ iii t u, .v 

. +5V ^ ( Positive) v ^.jii ^jJtUi j^ j^=i .£ 

. PC2 DC Power jj^L ^ ^jill Jl ijJLisll J*aj .o 

. B ^yi ^ (S4 & S3 ) juUi j-^ .1 

( S2 & SI ) ^pUii ^ j^iUi j^^^lui Jjj^ji >U .v 



J^JJI 


£J^I 


SI 


S2 




Lo=0 


L0=0 




Lo=l 


Lo=0 




Lo=0 


Lo=l 




L0=1 


Lo=l 





■ I jUr 4-j'^J (3.!. 1 ^'" 1 .' ^-^ ^ liJUji 



3 (_£LjJ tljLJI 7T>iJI c^l 



^3LiJI jtjJkJ! 



JjVlJttiU2a?l>i 






uLujj&tfl 



. A^yi^ ( S2 & SI ) c _pUii j_j= - <\ 
.( S2 & SI ) ^pUIl ^ j^UL ^LUI JjJ^JI Su - >♦ 



J^JJI 


£J^1 


SI 


S2 




Lo=0 


L0=0 




Lo=l 


Lo=0 




Lo=0 


Lo=l 




L0=1 


Lo=l 





. LjJL«-c 4-J^ 3-/'.' '— '-^ J^ tiJJjb ;jj^~ '" <-^j^ ?F^'-"' ^J-^" 1 -" c —^'j U^ ^ L *r 1 _ ^ 

. A x_JsjJl ^yic S4 t-LlUI U_Lu JB x_^3^JI ^yic S3 ?=_pmi *_Js - ^ Y 
.( S2 & SI ) ^Uii ^ j^itUL ^iui Jjj^ji Sl«i - >r 



JS.JJ1 


^ 


SI 


S2 




Lo=0 


L0=0 




Lo=l 


Lo=0 




Lo=0 


Lo=l 




L0=1 


Lo=l 





■ Ijlor 4-jI^j (jj. 1 ^ 1 ".' C^2 Ju2 tiJJjb (jj)""-'" til^jJ ^-3l_Lll ^^>JI C/jjj (jl Jl*j ~ 



JjVlJttiU2a?l>i 






uLu$ji£ftl 



.B ^yi ^ S4 ^liiii UiuA ^yi ^ S3 ^pUii j_j= - ^ o 
.( S2 & SI ) ^puii ^j^itUL, ^lui Jjj^ji >U~ n 



J^JJI 


£J^1 


SI 


S2 




Lo=0 


L0=0 




Lo=l 


Lo=0 




Lo=0 


Lo=l 




L0=1 


Lo=l 





. LJLcn 4-J^ J)-.' '.' '— '-^ ^ liAJju ;jj^~" '" ti^J^J 7?-^'-"' PTJ^*"^' •— ^'J U^ ^ L *r 1 ~ 

(i (T (Y 

t^LlJI JjJl^JI (_,!£. *l_b 4J3J J^j fjj JyJt^elu ^1 (j^l - 



JS.JJ1 


<jI^l!I fyt 


SI 


S2 










Lo=0 


L0=0 


1 








1 


Lo=l 


Lo=0 


1 


1 








Lo=0 


Lo=l 


1 


1 








L0=1 


Lo=l 





1 


1 






w 

\A 





. Power £-Llui i j dJ L &. t_ijL^ui ^l^i* i» jju j^i - y \ 

. \-$l}jJ>Ci x-tislj-a J I <J1jI Jl*J.I j-j-*^- JlcI _ YY 









uLJjj&tfl 



.4 bit Adders oQU. ^y\ ^ 0^3^** 6^^ t*^ : ^^' ^j^' 

. LiU-e. (Jj^Jlc *-*^- 4_l1i=3 (_ijjilll 4_2j_*_a : t_a1 Jui^l 



Test Console t-ijUdil Iju^Ia 

Pc 130-111 ^j *j>*ni! ix$] j Pc 130-121 ^j ^>j^l ^J 




Pc 130-121 ^j aj>*sII ^J 






■ Ji^rttl *-*i»JJ <— JjL*IiJt 4 i rVi a J_ 4_l!Lji]Ij 4_uvjII Aj JljlIJl! rt^-TfclJI %_pLLa *_Js _ ^ 

.PCI £^14- Pc 130-111 ^Ul ^j PC2 ^jll 4. Pc 130-121^1 ^ -V 

. +5V ^ ( Positive) v^ 1 ^J^ j^>. J*^i - £ 

. PC2 DC Power j^ ^ ^ui jj o jjtUi j^j - o 

.^Liili^jj^L^Fll^jJljijI - i 

^Pc 130-111 £$11! 4_ S2 ^isillj off ^jJl^Pc 130-121 ^yjl 4_S3 ^liiil ^ - v 

. Pulsar ^yi 

jj)\ (JjJiJlsJI Jj^»«J LiJU djl_JL>. *jj? (j-a jj^-ia Lc^la J=J B & A (>-<4Jaj JLioJ LJ-ijt I Jl - A 

:Jli- 

3 = 0011/5 = 0110 ^j> U^J ^Lqji ^l^=lII <jL£ B=3 ^liai ^julJIj A= 5 jjVi jjnii 

j^"<^.'» ^yic '"'I .>» wtl jj ^^ic i La » ■ hj (<u 1 *_ti=j-!l £_ PC 130- 111 rjBI £_ S3 7-Llflil *_*iaj • 

££tiSlcji.\M?i jj^.u^^^O^jJi^-Pc 130- 111 ^1114. S3 ^Lmi^L^ • 

.(jyjuz-Li <— il lAiill jj ^yic iUi^'i (<u 1 x-JsjJI 4_ PC 130- 111 rjUt I§_ S3 7-LlUI *-JaJ • 
ZjLvlj i^ CjI.\m?I jj fj£. JaJLu^ fU j-^jJI 2_ PC 130- 111 £jill 4- S2 ^llill ^ • 
jr}-^jJ! (jyic jLJ?J A Jj*_<jJLI 4- £)\j(jlj 4jujI ^jrJ-^jJI (jyic jLJ? (jyJj-tiaJI Jljjl Jl!I <j? tiiJi Jl*j Ju>o t 

. B Ja- ditl 4- U^'j iJ^-lj 

.x_<^>JI 4-J »g *u3 ^^— 1 ADD j-«^><JI g-t^j (jylc S2 T-Liail » >iaj • 



JjVlJttiU2a?l>i 






uLu$ji£ftl 



:ct JLUI Jjj^JI SLolj Jlill jj^= - 



^ 




B ^JULJI 






\ 


0010 


1010 






Y 


1010 


0010 






r 


111 


1100 






£ 


1100 


mi 









0101 


0011 






1 


0110 


0111 






V 


1000 


0000 






A 


0011 


0101 






<\ 


0000 


0110 






\- 


0111 


1100 






n 


0011 


1001 







.Power ^liiii j^ <>i t-jjL^ui ^x^ia^JLij j^»fli - u 

. LgJjj-^o x-Jslj-a Jl CjI Jl«JLI *-J-*»» JlC.1 - ^ Y 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



( ^U& )^w£> ^^ii^j 



.>L}UJ1 




ubifill 






uLJjj&tfl 



RS Flip Flop RS M M3 : J/VI o^sJI 

Jl JjJ^ J-4-cj ' RS (jyjLiiil <jlsl.pl! r-LlUI Jat. ^j>»j : i_a! juk^l 
. ^JJI -UU^ti cj^j J| ^L^VL < 4l 

Test Console mj 1 ^ 1 ^^^ 

PC 130-113^^^11^ 

: 2j_iljul 4_ Ll i^ 3 jj 

^LLUL^LkiijPC 130- 113 ^111 ^ iWjnll <^uj <jJbll J^lAI! 
. (( RS uMJ)) <j5L£ll ^jLUI 




PC 130- 113 ^ J ^ J ^ni^y 



: ^l^kiJI 

. POWER ^-Liai j^ <>i ^^ni Ji ojjsli J^j .Y 

. +5V ^ ( Positive) v ^.jii XjjJlUI j#>. d^±\ .1 
. PC2 DC Power j^ ^ ^U! J I ^JLiUi j^j .0 

. RESET ^j! SET ^ 

.(( J^ 3 J-^j)) olj^ sjlc PC2 DC POWER ^jJtUi c Lia* ^ .v 

La? I (HI OH) (jyJLc ^^U-auH Cjli Q (jj^-i" tl-^po jIj-SjjjjI 4_!L>. Jt J-t^iJ ^ylo- 

iJUJi ^>jui jj-jjLoLjj 4 (LOW) (jiiistio ^^lujla till j jj^^"'°i Q(NOT) 

JlJvjII ^ fl t-i M Q(NOT) Lq-Lu Q ^>>- (jyic- f-AJU ^J-tiaJI Jcvjil aUmiI^J 

. (HIGH) ^U ^ji^. oli Q(NOT) 
. SET^j^-t-iM^JL^^LkJI ^-LlUI jf j>o ji^sb A 
. RS ^M^u ii^' Jj^- L>^^ Lf^h cr!^ 1 Jj^ *ck? (^ cfi\ ■ > * 

^^♦1,1 Ji- jl51 ^yic ?Lb ^Lb ^ JJIj RS <_i^Ll!l ^>>- ibjjL^ jujj 1_L& ,j^o : iLi^eJU 

. c-jM^IJ iiLJI iJUJIj 
of tjju I jl^ (LOW) j! (0) H[^ 4. (S 1&S2) ^pLUl j^i j^z^ Ujj^ )) 

tjL^a lil < ?r_ cte-1^3 ^j„ ^—»Hj i , Uji ,^^ jjA j^j (UP) (jyic? J! 4-3sIu T-Llail 

(DOWN) Ji^i Jl L^i^ ^-liill uj^/q (HIGH) 3 \ (1) JUL*. 4. Lu>j^i 

.(( I Laj «<^" d)J^~ 'J J^ 









uLujj&tfl 



s RS ^M^u <i 



Ji^ 



- 


TcjjLm jaj)j_iiu 


(JJwjjl Joj)J_lIu 


7^J^>JI Jaj)J_lIu 




SWITCH 
CONDITIONS 


INPUT 
CONDITIONS 


OUTPUT 
CONDITIONS 


SEQUE 

NCE 


SI 

(S) 


S2 

(R) 


SET 

(S) 


RESET 

(R) 


Q 


Q 

(NOT) 


RS 
STATUS 


1 


UP 


UP 














2 


UP 


DOWN 





1 








3 


UP 


UP 














4 


DOWN 


UP 


1 











5 


UP 


UP 














6 


UP 


DOWN 





1 








7 


DOWN 


DOWN 


1 


1 








8 


UP 


DOWN 





1 








9 


UP 


UP 














10 


DOWN 


UP 


1 











11 


DOWN 


DOWN 


1 


1 








12 


DOWN 


UP 


1 











13 


UP 


UP 














14 


DOWN 


UP 


1 











15 


DOWN 


DOWN 


1 


1 








16 


UP 


DOWN 





1 








17 


UP 


UP 















ubifill 






uLJjj&tfl 



Clocked RS Flip Flop ,>l>m RS v >^ ^i^l ^>*^l 

.4J (JT J-ajJI i La La se 1 1 < a uaj 

Test Console mj 1 ^ 1 ^^^ 

PC 130-lll^j^j^ul^ 
PC 130-128^i^J! Ci J 



. oL\,)tl *LL=^V cLa2^ 4^b*jj PC 130 - 1 1 1 ^Ul LbjJ : z^ljJI iL^jj 

. <>!>U;! RS ^M2JL i^LiJIj PC 130 - 128 ^Ul ^ Uu^jiil jr^ ^LUI J^.t.tl ut 



SI 

+5V # 



R1 
0.1 ko t 




PC 130 -128 ^ J ^ J ^ui^y 






. POWER ^Llill J^ ^. i^iill J\ A^JJtUI J^j - Y 

. PCI ^jii^ PC 130-1 ll^i^ - r 

. PC2 t ^ i ii2 r PC 130- 128^1 ^ - i 

. +5V ^c ( Positive) v^ii ^jJtUi j^ j^i - o 

. PC2 , PCI DC Power ^Lmi j^ ^ u^-^ 1 Ji h'^\ J-^j - "^ 

. RESET -^\ J i^^\ t ^ 33 \ SET .i 
. PULSER^^ui^yi^PCnO-lll^i^ S2 c Liai ^ - A 
. (0) t ^yi C7 L,PC130-128 c _ 5 ui^ (SI ©82)^1^1^ - <\ 

^ jjj^ j^=j gjLiJLi ^LajVi v_.a.-v PC130-1 1 1 ^aji 4. (S 1 @ S2) jr^iiai ^ - )Y 
. TN ^j^«ji 2_ Q(N) < Q ^L^j! gSii J^ 
4-Q(N) < Q ^Lxijlj*^^ PC130-128 c ^Ji^ STEP^liai^ U^JJ*i^i - ^r 

. T(N+1) j^i 



ub5fi)l 






uLu$ji£ftl 



SEQUEN 
CE 






TN 


TN+1 




SWITCH 
CONDITION 


4 !>>i'A\ JjS 


4 t'nt'tW Jlsu 


AFTER 
CLOCK 
PULSE 


BEFOR 
CLOCK 
PULSE 




SET 
(SI) 


RESET 
(S2) 


Q 


Q(N) 


Q 


Q(N) 




1 


1 















2 


















3 





1 












4 


1 















5 


1 















6 


















7 


1 


1 













: ^LUI JjJ^JI SU ^ ( F207 ) ^LUI Jk*JI JUoL ^ 



SEQUEN 
CE 






TN 


TN+1 




SWITCH 
CONDITION 


4 t>>t't\\ JjJ3 


4 i'ni'A\ Jlsu 


AFTER 
CLOCK 
PULSE 


BEFOR 
CLOCK 
PULSE 




SET 
(SI) 


RESET 

(S2) 


Q 


Q(N) 


Q 


Q(N) 




1 


1 















2 


















3 





1 












4 


1 















5 


1 















6 


















7 


1 


1 













5 ( F207 ) Jlaxlt jjju fij^l jJI ^i. (jaiij j_& £>»J! J-* JjL^J' Jj-^' ^J* ^ 

: jjk tiJJi 2_ t_«j-<-a]l J? Ju>j JL>JI j<i^-ia ita^rtia Juuj 

. ( COOO ) j^Vi a^i^ jjLcaJi jk*ji ^^i - i £ 

. ( F205 ) jkAJi <>o? - ^o 

^LJij juL J^lAj j**rt 2^1 jJI oi j^ ( F205 ) jk*Jt jUol juu - n 



: 4jajreJL<5 

.jL^tli! LajLiTcJ JjU- }Ha IC 4- J^' <jl £9>2 LjJU£.j < *>JLjJL>o 
. (J^a-aJl *-*-i=J ^- 4-jJLjiJIj 4_l>-jJLI AjJljlIJl! p'^— • still ?c-jjLLa f-iJs _ Y 

. Power £-Llui j^ ^ ^jL^ui i^i* o jlju j^i - r 

. Lg_<jij_>«j x-tislj-a J! till JuJLI *-J-*»» JlcI _ i 



ubifill 






uLJjj&tfl 



JK Flip Flop JK v }La :fcllill o^UI 



Test Console mj 1 ^ 1 ^^^ : ; 

Multi meter o^L^Vi j ±*i* ^LZ jL^ 

PC 130-lll^ji^^ui^ 
PC 130-1 15 ^ J ^ J ^ui c y 



xVl, CiloVl 



. ciLu^UULL^y cL2^ 4^b*jj PC 130-111 £jl]| LbjJ 
*Lk]1j PC 130 - 1 15 £$111 Jic <lW>j11! cj^ (J\X\ J^lAJI u 

. JK vMilL 




PC 130-1 15 jajo^ui^ 









uLujj&tfl 



nl^kiJI 



. POWER ^liill Jj^ j>l iuaill J} OJJSlI J^j - 

. PCI ^jii 4.PC130-111 c ^Ji ^ - 

. PC2 ^jii 4. PC130-1 15 c ^ji ^ - 

. +5V ^ ( Positive) ^.jii ojJliII j^ ,u,,m - 

. ,UUUI 4- U^= S^IjJI J^jj jj^jf liUij ( Fl 14 ) j^Vi jioT - 

. PC2 , PCI DC Power j^LlU! 3^ ^ u^-^ 1 Jl ^f^ 1 J-^j - 

. CLEAR ^3]!^ PC 130-1 15^14. S2 c Lmi ^ - 

j^rtU PC130-115 < PC130-111 j^^L i^UJi ^puii ^j^iiJL ^ - 

t^Lill JjJ^J' 4-cjLjJ^jLLJI ^jJkJI J.ta- , „m ^ l^laj t c-jjlUtl J^jJI (^lc -^ 



' 


J^j-JI 


115j.jlil 


lllylil 


s>^i 




J 


K 


jjLiXI e . 3 


^ui ej 


Q 


Q(N) 


DATA 


CLE 
AR 


DAT 

A 


CK/PU 


STEP 


SI 


S2 


S3 


S2 


SI 


1 


1 







OP 


1 


PULSER 


_TL 








DATA 


2 








DATA 


OP 





PULSER 


_TL 








3 


1 


1 


DATA 


OP 


1 


PULSER 


_TL 








4 





1 


DATA 


OP 





PULSER 


_TL 








5 


1 


1 


DATA 


OP 


1 


PULSER 


_TL 








6 








DATA 


OP 





PULSER 


_TL 








7 





1 


DATA 


OP 





PULSER 


_TL 








8 


1 





DATA 


OP 


1 


PULSER 


_TL 








9 








DATA 


OP 





PULSER 


_TL 








10 


1 


1 


DATA 


OP 


1 


PULSER 


_TL 















uLu$ji£ftl 



: lu^^j - \r 
jtjJkji ^ u ((Q(NOT) = 1 )) < (Q=0) ^t LiLjj ^^uji ^ j? <>>^i - i t 



CK 


J 


K 


Q 


Q(N) 


_TL 












_TL 





1 






_TL 


1 









_TL 


1 


1 







: 4_L3jreJLa 



Jt-lttl ?=_<-uLa 


JI^lJ! 


^Ij-cV! 


Jk*J! ^j 


cooo 






F210 


cooo 






F201 



. Power £-Llui jj^ <>i vji^iJi ^^ia ajjlju j^»fli - r 



ubifill 






uLJjj&tfl 



uJjl^U! ^Lx^la 

. (jlolj-c. zl .SJmlLa (_>uLjS jL^ 



D Flip Flop D V >U :^L>Jl ^j-^' 

Test Console 

Multi meter 

PC 130-111^^^1^ 

PC 130-1 14 ^ J ^ J ^ui c y 

: 2j_iljul 4_LjLajj 

. Lb^ U^ en I ,\,;t1 *U^V ck2^ cLvli^jj PC 130-111 ^iil LbjJ 
^^LiJij PC 130 - 1 14 £5111 ^ iW,jnJ! ^r^ (jJiiJi J^lAJI U 




PC 130 - 1 14 ^j ^j^ui ^y 









uLujj&tfl 



. POWER ^Liill J^ <>i ^L^ill J\ oJJCll J^j .Y 

. PCI ^jii^PCUO-l ll^i^ .v 

. PC2^ i ii4. PC 130- 114^1^ .£ 

. +5V ^ ( Positive) ^jii Jujiiii! j^ o^=i .o 

ij\ PCI f-^jll 4- S 4ia2i!l Jj^jj ^jjJu IliAj ^Liil ^y Jj^ ^ Fl 14 ^jJI Ji-Jll .1 

. PC2 ^jll 4. F sUv.tl 
. PC2 , PCI DC Power j^iiai j^ &. <£*jii! J I ^aitUi j^j .v 
.CLEAR ^311^ PC 130- 114^1 4. S3 c bai ^ .A 

J^jJI ^c J^tU PC130-1 14 c PC130-1 1 1 (jr^-^JL, ^Lkjl juUI ^J^UL, ^ A 

: CT JLi!1 Jjji^JI 4- ^^ ^-jLjLH ttj^-JI J-^...u.*b aS L^loj < «_)jlUU 



i 


(Jj>-Jlj1 lLsji >i!o 


J^c^ 1 


si 

'A. 

LJ n\ 
ill 


^^1 






114 c> Ul 


1 1 1 ZJ u\ 


i^l\ 


L^l 


SI SET 
(SW) 


S2CLR 
(SW) 


S3 D 
(IN) 


Q 


Q 


Q 


Q 


1 


l=(OP) 


l=(OP) 


1 






_TL 










2 


l=(OP) 


l=(OP) 









_TL 










3 


l=(OP) 


l=(OP) 


1 






_TL 










4 


l=(OP) 


l=(OP) 


1 






_TL 










5 


0=(SET) 


l=(OP) 


1 
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0=(SET) 


l=(OP) 
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l=(OP) 


0=(CLR) 
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l=(OP) 


0=(CLR) 
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CK 


D 


Q 


Q 


^^UJI iJU 


_TL 











_TL 


1 








_TL 















(jJajul ?=_<-uL<a 



cooo 



JI^lJI 



D^'j-^ 



V! 



JL^JI^j 



F210 



i>Vl Jk*J! Jiot ^ j>j F 1 14 ^jJI JUob ^. \ 



(jJajtJI ?=_<-uL<5 


JI^lJI 


O^Ij-cV! 


JL^JI^j 


COOO 






F203 



. Power ^Llui j^ ^ vjbtUi * t *t« i^'j^ j^i . > £ 

. bj_bj_>«J X_Jslj-<5 ^J\ dll Jl«JLI *-J-*»» uLci . ^ o 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



■yA\ 



1 



3 



( ^U& )^wS> uLujjtftl 



tZjl^ljLStJ! ^yj^. t_Jjl^O 










uLujj&tfl 



UP - COUNTER ^j^L^ii! jijutii : JjV! o>*tfl 

Test Console vj 1 ^ 1 ^^^ 

Multi meter d^I^Vi j j^ ^LS jL^ 

PC 130-111^0^1^ 

PC 130-131^^*311^ 

. CjL^UI ^UacV ckifl «LKb*Jj PC 130-111 ^111 LbjJ 

: ^j^iL^UI ^Ij^L^LkJljPC 130- 131 ^111 ,Jc. iW,j3ll jr^j ^ILUI J^lAII U 



(nput 
PC lao-m 



'- afl.au 




Ll 1 *> 



OO QC CMt OA 



'Oil ^D LEUHTtfl 






~ !i '1. '_L % 




PC 130-131^ J o J ^ui c y 



: ^l^kiJI 

. 74191 MSI a^i^-iti s^sijji ^a ukai ojlaj < i 6 ,^ v 

■ Jl^rttl J-^^J <— IjLfcliJi 4 l^Ia I§_ 4_JLcoJlj 4_l>.jJ,I 4j JulIU rt^Tfclll 7=_pLL<3 *_tis . ^ 

. POWER ^-Llill J^^^u^ill J| ^jJtUI J^j .Y 

. +5V ^c ( Positive) ^jii ^jjtiii j^ j^=i .r 

. PCI ^14. PC130-1 11^1^ .1 

. PC2 t ^ i ii2 r PC130-131 C5 JJi t ^ .o 

. CLOCK ^i^PCDO-l 11^14- S2 c Lmi ^ .1 

.FR^ icr LiPC130-131^i^ S5 j-Lmi^ .v 

. l^i^yi^PCUO-m^i^CSl @S2@S3 @S4)^uii^ .a 

. PC2 , PCI DC Power j^iiai j^ ^ u^^iil Jl Jujutti j^ .<\ 

1 1 1 1 J\ 0000 <> j^u j| j^ji o! jl*: QA,QB,QC,QD ^>ji ^U j^V . i • 

. 16 L&jjJa ^obr 4_*_^oj tiLIij < (0—15) £yj fj\ 

j^yvi jru Ja^Uj^.mU js^Jijf j^PC130-131 ^ui^_S6^Llui j^^^cki^i .n 

| [sjL^ J^ji j^ ^j (Load,+5V) l^i^LVi ^j IC _u ( 1 1 , 16 ) 

ll^jll^PCO 0-131 ^i 4. S6 ^i^i 03^ Ujl^ jjL^i ^LiJi j^^iiJ .u 

jL^= jls (ENABLE) jt^^zx^ul^^uji^j^IjulJI IC 2_ 4 j^ji ^ j^i j^ <j? j^ .>r 

. jlaJI (> ^IjulJI g^u^ U4 (HIGH) j_^yi ^ 
i^i 1 -^ ^ jl^l^j i jL^.biJ Enable , +5V ) ( j^a > k!i ^ j^g^u j^>JI jjj^ fjiu t 

JiJuJI Jilc < ^\glu JjIJlaJI jl Jl^Tq-uj SS *-^j (jyle- PC130-131 T-jUl 4- S5 r-LLiJtl x-iis.^O 

. 4j rj^i.itl C3 -*^Vl JutJI jl 1111 

. PULSER crl ^ji t ^yi c >PC130-lll C5 ui4. S2 ^i^.n 

. 1 ^yi^PCUO-lll £31114- S3 ^liiii ^.w 

. FR^yi j\ PC130-111 £5iJi 4. S5 ^liiii j^j j^I .\a 









uLu$ji£ftl 



J^JJI 
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JL 
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JL 














3±>^ 


'j*- u 




re_u ^ 


Ulj 


| | [ | 


Jialle 


^u 


ull 


JU 


**' ^ 


►J LaJiic .Y * 






:^yi ^^ (S4,S3,S2,S1) ^3LU( 

Lj^i-jJI f-Liajl (Jj)^- 1 " LoJ^-i^- -Y^ 



. Power ^iiiii j^ <>i t-jji^iJi i^ia AjJLij j^^i .yt 

. Lg_bj_>«j »_lo I j-a JI <— » t Jut.t I f-J-*^- JlcI .Y£ 









uLujj&tfl 



DOWN - COUNTER ^jLnil ^IjuJI :JuSlSll o>*a! 

. JaaJI ^-2j>L= aJs^sbJLj Jl 4_aLi=VL < 4Ia£. < L^ajj i lLuL^JI J>1Jl*J1 ii^j lJl^sj : i_a1juiVl 

Test Console vj 1 ^ 1 *~^« 

Multi meter ^iji^i j j^i* ^LS jL^ 

PC 130-111^0^1^ 

PC 130-132^ J ^ J ^ui c y 



. cj! ,\.;t1 *U^V ck^a ^Li^jj PC 130-111 £$1)1 LbjJ 

: ^jLuji ^IjulJL ^^LiJij PC 130 - 132 £jiii ^ ^Il^jUI ^ ^iisii j^,t,ti U 



- sv 

*l — ^ 


r^ — & 

* s 

1C 


i 


IRRfl 

n - *i * at - i 


'- 


- iv 

A. 

J: 


(npu( 
PCiao-m 

C 


-CLOCK' 

s 




QO OC OB ,;.i 

'ill 1 JD LDUHTE1 




>^ 


>_^ 


"7 




-/ 


f 





PC 130-132^ J ^ J ^ui c y 



: ^l^kiJI 

«_<j CjL^LaII *-0 £ys Vju t lUjL^JI J>1 Jl*J1 J-**j ^J-Sj i aJuUj 4 tt-i^ <jj^l!l ^Jl& 4- JajlLlxlJL-u 

4- L&liU.Co. u i ^Ji 4»u^ii „ y y c? _ i ij < 74191 MSI ^ui^-, ti syiijji cr ,i 2.u«\\ a jjt^ <. \$t>>i} 

^yic (5) J^-J-!l (J-^>>J I 1^=3 (^JlcL^I!! J>1Jl*J1 CTJ l2 < J-U^jlll 4_2jjla 4-iJj^" (j^lg lLuL^JI J>1Jl*J1 

I Ju* 4- ^ ' L^L-^ jl LJj 1 -" M ' ^ ^d>^ d^ ^JjJ-^il cr^i (DN/UP) Cr &,_j c^j^l c^jiaJI 
. c-lvjII t-^jiaJI (_,!£. (5) J^-jJI o " aJ J-^>>J LoLa ^jLnH j-Aj .si jmJI 

. POWER ^Liill J^^^L^HI J\ ^jJtUI J^ - Y 

. +5V ^ ( Positive) ^^11 ajjjsJI j^ j^i - r 

. PCI ^jii^ PC 130-1 ll^i^ - £ 

.PC2 t ^ i ii^PC130-132 C5 ui t ^ - o 

. CLOCK ^yi^PCnO-ll 1^14. S2 j-Lmi^ -i 

.FR^ iC7 LiPC130-132 C5 ui^ S5 c Lmi ^ - v 

t ^yi Cr L,PC130-132 c ^Ji^(Sl @S2@S3@S4)^pmi^ - a 

. 1 ^^IaJI .a 

. PC2 , PCI DC Power j^liai j^ ^ u^-^ 1 J! ^sA^ 1 J-^j ~ ^ 

< 0000 Ji 1111 <> LJjLii juu jIjuji jf j^ QA,QB,QC,QD ^>ji ^u J^v - >♦ 

. 16 L&jJil ^okr 4ju_oj tiJJij < ( 15 ►— ) (j-o ^f 

j^j! jru j^jj j o-,„u jl^>ji q? jl^s PC130-132 ^ui 4_ S6 ^tmi j^ ^ ,u;,m - u 
: ^Lo j^ji j^ ^j (Load,+5V) (11,16 Xil^LSu IC Ji 



A 3~? jI'a lUji.^/t PCI 30-1 ^ ^jUI 4 ^ rlUll jj^„' LaJilg 3; 1 «-»JI ^--l^tl ^..A;t - ^Y 

a5 (ENABLE) jr}^, o-tL ^^UkJI ^Aj ^IjulJI IC 4- 4 J^jJI ^ jl4>ji j^ pi j^ - >? 

. JL»JI <j-<S ^IJLJlJI (j^^J U-4 (HIGH) £.^^1 Ly k. (jL^= 

: iSjicMj 4Jl jl^i^j 4 jL^atnJ ( Enable , +5V ) u^j-W igjjVm.tl j^>J! j^js ]j%\ - ) l 
1111 Jl ^IjlaJL ^^uj CLOCK J^jJI .a 









uLujj&tfl 



Li-iijij jIjulJI jjl ju*i^j SS j^j^^ PC 130- 132 ^i!i 4- S5 ^-Llui^ - \~\ 

. j| JulJI liUi 2_ LJjLu Jmij <b ^j„,,,tl tyuaSVl ^JulJI jl 0000 

. PULSER ^u^ll ^311 ^PCnO-lll^l 4. S2 c \^\ ^ - w 

. 1 ^yi^pcno-in ^1114. S3 ^Lmi^ - u 

. FR t J=yi c ;|PC130-132 C 3Ui^S5 c LiAii t ^ i j^f - n 
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uLujj&tfl 



I I I I 1 : ^yi^ (84,83,82,81)^^11 j^ 

| | | (j-o JLjlj jljmJI (jL^ x-^^JI I Jl^j I I I J^kjlJI f\j±>j] jj)^-i" LaJLt^. _ 

| | | | | <^^ U, | | | | | J\ 
. Power £-LlU1 jj^ia ^ mj^ 1 ^^ ^^ J^^ 1 ~ 




^ "^ A\ ^-JJjijll j 1 _ r iall *;''""' *Ull*jl 4 nliilj^Jl 

J4U1I jjjfajj |U«ai) itUtl Sjbyi 



jJI 



3 



I 













uLujj&tfl 



i^jljj / ^Ijj 4-Bit ju.I))M J*^ tJjVl o>*3ll 

. 4Ia£. aJs^sbIo Jl iaL^VL i 4lc£. < rti^jj < 4-Bit ivtjVl Jr*-<-a^ <_ajlii$ < Li^aj : i_al JuiVl 

Test Console vj 1 ^ 1 ^^^ 

PC 130- 111 j^j 0^*311^ 
PC 130-118^0^311^ 

^Jl3JI s^SIjJI U .LIsjjlj U^,cjl,\.;tl *Lk^V J^ 4^13^ PC 130- 111 ^11! LbjJ 

: 4-Bit ^IjVl J^^> O^Lkll ^ 



CLOCK 



©- 



I+5V 

"I ] l 



Vcc SD 
° F A F ° 

CP RD 



D F B F Q 



CP RD 



Vcc SD 

~ FF - 



CP RD 



X 



PC 130-1 18 ^ J o J ^3Ji c y 



Vcc SD 

° F D F Q 

CP RD 






. POWER ^i\ ^ji= ^ -A^n\ ji^JLiUij^j .y 
. +5V ^ ( Positive) ^jii ^JLiUi j^ i^=i .r 

.pci^jii^pcno-m^i^ .£ 

.PC2 t ^ i ii^PC130-118 c ^Ji t ^ .0 

. PC2 , PCI DC Power j^liai j^ ^ Ln^ji Jl ^^' J-^j -1 
.^jjLoili^^l^ljLitiu.bF 114^^1 JiM .v 

jj^-i'n aSj J^= i SjjLjj aL^j! AjMj (j-a (j^=uj 4Jf ih>l" (_£ Jl!1j ' JjJl^JI Jl o^- il jjfc <— > j I t-i 1, 1 .A 

: (jyJbJLi ^ ^Jj^' iS^-** 4- f ^j^' ^^* (jdj^^i 4-Bit (j-o 
.PULSER^^ui^yi^PCnO-lll^i^ S2 c Lmi ^ - ? 
.LOAD j^Ji^j^PCnO-HS^ui^. SI ^Lmi^- c_j 
. PC130-1 18 c ^i^(S2) CLEAR ^liai^J^i- ^ 

^jji^jjjji U^^i (bit) ^uwi^ PCI 3 0-1 11 ^ui^ r (S3)DATA^Liiii t ^ - j 

• JjVi 

. JjJ^JI j> JjVl *>>J1 4_ LuLS £>JkJ1 J^u, - _& 

. PC130-111 ^Ut^Sl £\2ii\,J*.ij*.\jiUir„,Ui,'„\ - 3 

. JjVl ^jJL ^Lkll Bit oliU* J^=J ( j < j . _a < ^ ) ^l^kiJI jl^T - ^ 

£ys icj^jjta J^ju aJ2 j C1R ^j^ljJI x_Js^JI ^yic PC130-1 18 rjlll '4r SI rLlflil *-<is - lL 

i^i < iiSUjI Lpiji "^L^uxA ^jus\ j^lJli jf jl^ PC130-111 ^lii 4- SI ^-llui ^v ^l^jji 









uLJjjiSJVl 
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. Power £-Llui j^ ^. vjL^ui ^l^i* o jlju j^i . ) ♦ 









uLujj&tfl 



iijl>» / lijljj 4-Bit a^Ij^I J^^ :oM3il 0^*3)! 

. 4JUr. aJs^sbIo Jl iaL^VL i 4±c£. < L»^ajj < 4-Bit ivtjVl Jr*-<-a^ <_ajlii$ < Li^aj : i_al JuiVl 

Test Console vj 1 ^ 1 ^^^ 

PC 130- 111 j^j 0^*311^ 
PC 130-119^0^311^ 

^Jl3JI s^SIjJI U .LIsjjlj U^,cjl,\.;tl ^LUcV ^kii «Lk13*jj PC 130- 111 ^11! LbjJ 

: 4-Bit o>ljVI J^o^ o^Lkll ^ 



nput 

From 

PClM-itl 






0*1 



or 




"51 5] 1 51 



PC 130-1 19 f^jii^iij-y 






^i^iaiJi 



. POWER ^liill Jjjia <>L ^^ill J| AjJJtUI J^J 

. +5V ^ ( Positive) ^^ii ^jJ£J! j^v j^i 

. PCI ^jii^ PC 130-1 ll^i^ 

. PC2 ^jii 4. PC130-1 18 ^1 ^ 

. PC2 , PCI DC Power jr^Lmi j^ ^ u^-^ 1 Jl kjuttl J-^j 

. ^jjUII ^J f I j^i^L, F204and F 1 14 y&\ jioT 

S2 ^Liiii^jPULSER^^uti^yi^PCnQ-lll ^ui4- S2 ^-Liiii ^ 

.SRT ^j ^ PC130-1 19 ^JJi 4. 

PcDO-llQ^ui^Sl ^liiii ^ <^^iji j^j^.i^Luj j^ju j^u j^JH^yu 

(0 ) t ^yi cr LiPcl30-lll ^1114. S3 'Data' ^-LiiiijLoad j^ji^j^ 

JaixJll j3^.J^uJII C ^JIcjIj j9 2jl£.Pc130-111 ^111 4- SI 'Step' ^-LLLalaJL^I 

.31 i^t-ia ^LlaUI j-j-**- oj)^~ >" l«jl1c. Cleared j-^=^j 

jrUl^jlcJU^Pcl 30-111 ^ll^CiliLull^llM^ JjVl JjJL*J1 4_ S^lai. J^zxJ ' 
O 1 C/L ?-LLL<3 I j La -- 1 1 La » i a I aj 1 JN 4_ku>J 4- Lh°j-^' *J'-" , i (J^ 3 ^ Lr^ < ~ ' h L<a -^ ' pL^jf (J^-^J 
.TN+1 4_Laj»J]1 4- <— iLaaIN *_ti=j J^-"i » JLvlj fij-a 

^PcUO-lll ^ui4.S3 ^lii*^ < CT ikni^L J ji ij^\^ 3 juu j^ai£_cai • 



> 









uLujj&tfl 



0)(»3jJjJL*JI Ja^I 



cVUJI 


dlLJLijJI TcJjLLa 


£jj*j! ^l:Lu 


TNs.^.jti JjSj>>ji 


TN+1 4,\,;ti juujtjJkJ! 
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:4_iJLUI J-^>JI Ja^j? fu 0) f&j (JjJu>JI ^jLu <_>uj-il - ^Y 

J$io i-.....^ <>jJ! ZjLiV L-^kJI J^ju , MSD «.,,„^ Lmm^> QA jL^= lit J^ju 

fjj J-l<-.j:l! Pc(N) J^JlJI ^^JLc Cy icVL lLS- 2jLiL ?<>>~n I jl&j .J^-J,! j-lc L^TlvIjIj cjLjLJI 

.(^j-avJI 2 jLiil ^_ i La ■"< « a 
Sljr^LLUI ^.(OJjJ^JI VrPj' 3 ^^ J-^ < _^J J^^l 4- 1000 ^LOJI f^jJI Jio! - \X 

.Pcl30-1 19 C3 n\ L> ^b SRT ^j ^ S2 ^^= 3 CIR j^ 
j^b^^^u^LABi^jL^i^ijClock^^PclSO-lll j-^in 4_ S2 ^Liai^ - u 









uLujj&tfl 



Pcl30-119 c yji c ^S2 c i^i J PULSER^^Pcl30-lll c yji 4.82^-1^1^ - n 

. Load^^ Pel 3 0-1 19^UI^ S2^Lmilj SLT ^^ 

.(Y) ^3j JjJl^JI Ja^jI 



cVUJI 


<J1jLJLljjI thjjLLo 


jtjJkJI oLILj 


TN4,\.;tl JjS ^iJI 


TN+1 4,^,;ll j^^iJI 
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:^bJI Ja^I Ja^jI ^ (0 fiSj JjJLjJi ^jbJ(_Hjji - M 

.MSD ,-,.^-v Laa-^o QA cj^= \'4 J^jy 
2_ S2 ^LLill j^j ^3 Vj U j >T (jry^iJI JL^lj J^^ll 4- 1000 ^Lzai ^jJI jso! - i \ 

.SLT^yi^ Pcl30-119^i 

. Power ^iiiii j^ ^ ^jL^iji ii^ia A^jju j^^i - y« 

. I j ^jj >iJ »_iia I j-a J! <J1iIJl«JLI f-JA^>- JlC? _ Y^ 




^ 1g a \\ L-JJjJj]| j ^jiill -^jU'lU 4_dlaJl Ajoiuij^il 



>J 













uLJjj&tfl 



DIGITAL TO ANALOG CONVERT CIRCUIT 

Test Console ^j 1 ^ 1 ^-^^ 

Multi meter ^\jiH\ .> jmi* ^LS jL^ 

PC 130-136^^^1^ jPC 130-111 ^ J ^ J ^ui c y 

: 2j_iljul 4_ Ll i^ 3 jj 
'"■I tia jllI JlaIjjJ AJ-Sj _J42 iiLL-u BJljJlC jjIjJ I§_ tfLLajLseTLml Ju2j PC 130 — 1 1 1 rjlll LoJl! 
4jol mil tljLsjlJm £ys 4_cj-*jstaj (j^La^^ 3 ^-* 3 JHpl-i o^° cJjJLLj^ PC 1.30 — 1 36 ^-^JJI Lai . LJJi^aj La=3 
. ^LZLJI c^LiLJ! Juljll ^L2 Jl Jla== 7493 f^jJI Oli IC 1 Ual^lU lj£\ jJI ck2^ ^JLir",,,,;,,, LiAj 

. l^jl^l^ ^ NAND XjIjj ^aj 7403 ^jJi oli IC2 ;OaL=m s^si jJI Ui 
.PC 130- 136^ui^4^t-,,„i,u J ^ijji^ i j (dy JLUi j^.t.tij 




PC 130-136^ J ^ J ^ui c y 






. POWER ^-Llill J^ <>i ^^ill J\ A^JLiUI J^j .Y 

. +5V ^ ( Positive) ^jii JjjjliJ! j^ j^=i .v 

.pci^jii^pcno-m^i^ .£ 

.PC2 t ^ i ii^PC130-136 c ^iJi t ^ .0 

.PULSER^^ui^yi^PCnO-lll^i^ S2 c Lmi ^ .1 

. STAIR ^y I ^ PC 130-136 ^14. S2 c Lmi ^ .v 

. 16 t ^yi cr LiPC130-136^ 5 ui^ r S3 ^Lmi^ .a 

.D/A t ^yi Cr LiPC130-136 c ^Ji^ S4 c Lmi ^ .<\ 

. PC2 , PCI DC Power j^liai L ^ ^ u^^l J! ^sA^ 1 J-^j-^ * 

. PC130-136 c ^Ji^( CLEAR ) Sl^isai j^^cki^l.n 

< ^s^^^^pcuo-iii^i^cstep ) sij-Lx-iij^^cki^i^Y 

. IC1 ^Ij^lJI^ 1111 ^LzJI ^j^lJI J^jG ,111*^ iJLAj 

: (_,_& D j i A £ys IC 1 jIjuJI 4-^=Li^i cjLgr^a^ji jo^r 
D Pen (1 1) = C Pen (8) = B Pen (9) = A Pen (12) = 

.^Bj.^^^^ PC 13 0-1 11 ^1114. SI ^LLaii^.u;.^ 

J^*!]^ J-^PC130-111 ^11! 4. SI ^liill 4. j^iUL, diJij ^LUI JjJ^JI ^J^^j^l .U 

. (JjjLlUI 4 La flj J! (_>ujJj IC JI 4- J^-J-JI f^2j Jl L^ jLiTuj (jyjLjl!! Ji. jJI 4-*jJ2 ) : ita^selo 
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eJ$-aJL ^LiUI Ji-jJI ^-*j^ 
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. Power ^Llui t j dJ L ^ ^jUeUi ^i* ~*-> jju j^i .n 

: \-^y>~ dJLjl l^->>>La jjji i fijjIjJL 3_t^L>J1 cjL^Ll2JI cAa^=\ <jl juj A A 







Y WajJI Ai?WA\ JljjJI : JjVl aj^UI 

4 bit Adders 

A ^L>}UJ1 : JLjiliil Zjl^I 

A RS ^MiJI : JjVl ^j^UI 

1 1 ^l^ltl RS ^^UJI : Juiliil ^j^UI 

1 o J.K cj^LSlI: ttllill ^j^UI 

U D cj^Lill: ^uljJI^j^UI 

Y^ CiIjIjjJI : ttllill 2ji3.yi 

Y^ A^j^L^lJI ciIjIjl*]) : JjVl ^>j^UI 

Y£ U)lJS]! CibU*!! : Juilill ^j^UI 

YA ci^La^all : ^uljJI Zjl^I 

YA L^j'j-* / Cr"j^ J^""- 3 : <Jj^' ^J-?^' 

X ) ^gjljj / ^jl^3 (J^_uuo : 4_jJqJI 4jj_a=-i!l 

TO ZjLiVl CiV$*/i : ^L^LkJl Zjlx^I 

ro D /A i^jJi Ji i^LnJl sjLiVl J_j^ 



Sjjju»Jll (^Ll«JI) >-,,,u,„ i^J ^uT,^ *f=>A ,> f jail ^Ul 
GOTEVOT appreciates the financial support provided by BAE SYSTEMS 
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